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CHAPTER  1 


Introduction  and  Principles  of 
Electroplating 


Present  day  electroplating  has  became 
e  well-established  branch  of  metal  fin¬ 
ishing,  Electroplating  is  a  mufti- 
discipline  of  engineering,  mechanical 
and  electrical,  in  co-ordination  with  ap- 
plied  chemistry. 

In  the  early  days  of  electroplating  the 
industry  started  with  wooden  vats,  D.C. 
generators,  experience  and  'rule  of 
thumb'  methods  of  process  control. 
Over  the  years  new  metal  finishes  have 
been  introduced-  Automatic  plant  has 
been  developed  to  cope  with  the  in¬ 
creased  volume  of  parts  to  be  finished 
and  to  control  the  process,  ensuring  a 
constant  quality  of  finish.  Increased 
uses  of  metal  (steel,  stainless  steel!  and 
various  plastics  nave  been  seen  in  the 
making  of  equipment  for  the  finishing 
shop. 

Present  day  finishing  shops  offer  a 
wide  and  varied  range  of  finishing  pro¬ 
cesses:  ion  and  gas  plating,  high  speed 
selective  plating,  anodising  and  electro¬ 
plating  on  aluminium,  Various  electro¬ 
less  finishes  cover  a  wide  range  of  en¬ 
gineering  requirements.  Various  alloy 
platings  are  carried  out,  such  as  gold 
cobalt,  which  gives  a  hard  thickness  of 
gold.  There  is  also  brass  plating  for  elec 
tropfating  safety  pins,  and  components 


which  have  various  rubbers  bonded  to 
them. 

Over  the  last  fifteen  years  develop¬ 
ment  has  been  carried  out  on  the  plating 
of  plastics.  The  technology  of  printed 
boards  in  the  electronics  industry  has 
added  impetus  to  the  development  and 
many  plastics  can  be  successfully  elec¬ 
troplated.  With  the  various  processes 
involved  in  electroplating  and  current 
requirements  of  health  and  safety, 
appropriate  precautions  must  be  under¬ 
taken  to  avoid  accidents  and  reduce  pol¬ 
lution  of  the  environment.  These  are 
dealt  with  in  one  of  the  following  chap¬ 
ters. 

With  most  of  the  processes  used  in 
model  engineering  there  is  ready-made 
equipment  sold  on  the  market,  obvious 
examples  being  lathes,  milling  and  drill¬ 
ing  machines,  along  with  the  materials, 
metals  and  plastics.  In  comparison,  with 
the  electroplating  process  there  is  very 
little  choice  available  on  the  market, 
apart  from  kits  for  electroplating.  This  is 
due  to  their  limited  use  as  compared  to 
the  machining  and  fabricating  oper¬ 
ations  in  model  engineering  and  in 
small  workshops  generally. 

The  other  main  reason,  however,  is 
the  degree  of  availability  of  the  chemi¬ 
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cals.  Certain  chemicals  are  restricted, 
and  restriclions  am  placed  on  them  in 
transit.  The  electrical  equipment 
needed  can  be  adapted  from  other 
sources  -  electrical  test  equipment, 
Avometers,  or  battery  chargers  or  large 
capacity  electrical  cells,  if  desired  a  per¬ 
manent  rig  can  be  made.  This  is  useful 
for  a  continuous  volume  of  components 
that  have  to  be  finished,  A  wiring  dia¬ 
gram  is  included  in  the  chapter  on  the 
supply  of  current. 

With  regard  lo  the  tanks  requi red,  this 
is  dependant  on  the  size  of  the  compo¬ 
nent  to  be  electroplated,  A  useful  size  is 
the  5  litre  plastic  ice  cream  container. 
These  are  useful  for  most  pre-treatment 
and  electroplating  solutions.  For  warm 
or  hot  solutions,  ways  and  means  of 
heating  the  solution  may  be  considered, 
such  as  fish  tank  heaters,  or,  if  using  a 
stainless  steel  or  mild  steel  tank,  a  gas 
ring  or  electric  hot  plate  may  be  used. 

Chemical  glass  beakers  made  of  heat- 
resisting  glass  may  be  used  and  can  be 
heated  on  an  electric  hot  plate  or  over  a 
Bunsen  burner  with  a  suitable  stand  and 
gauze.  This  equipment  can  be  pur¬ 
chased  at  most  laboratory  equipment 
suppliers. 

The  model  engineer  must  decide  on 
what  s>ze  and  volu  me  of  compo  nents  he 
wants  to  electroplate,  and  what  finishes 
he  wants  to  use.  These  points  will  have 
to  be  considered,  whether  he  wants  a 
rudimentary  or  a  more  substantial  elec¬ 
troplating  facility.  The  other  relevant 
factors  are  the  space  available,  cost,  and 
the  convenience  of  using  the  equip 
menl,  For  example,  considering  one  fin 
ish  for  similar  size  components  and  a 
steady  volume,  it  would  suffice  to  have 
a  simple  facility  of  an  alkali  cleaner,  a 
pickle  made  of  diluted  acid,  with  a  rinse 
tank  containing  coid  water  or  preferably 
running  water.  It  could  be  made  even 


simpler  for  certain  components  by  giv¬ 
ing  them  a  scour  with  abrasive  powder, 
then  rinsing  in  cold  water. 

After  these  pretreat  ments,  the  com¬ 
ponents  are  electroplated  in  whatever 
electrolyte  is  chosen. 

For  an  electrical  supply  a  12  volt  bat¬ 
tery,  or  a  battery  charger  of  12  volts  or  6 
volts,  may  be  used. 

At  the  other  extreme,  for  varied  com¬ 
ponents  and  large  volume,  one  could 
use  an  elaborate  line  of  pretreatment 
and  rinse  tanks,  with  a  line  of  electro¬ 
plating  tanks  all  combined  with  the 
custom-built  rectifiers,  healers  and 
agitation.  The  cost  of  this  would  be  con¬ 
siderable,  and  there  would  be  the  prob¬ 
lem  of  disposing  of  effluent  and  spent 
chemicais, 

PRINCIPLES  OF  ELECTROPLATING 

The  fundamental  laws  of  electroplating 
are  based  on  Faraday's  two  laws.  These 
state: - 

Hi  The  weight  of  metal  deposited  is 
proportional  to  the  quantity  of 
electricity  passed. 

(2)  for  the  same  quantity  of  elec¬ 
tricity,  the  weight  of  metal  de¬ 
posited  is  proportional  to  its 
electro -chemical  equivalent. 

These  two  laws  need  a  little  expla¬ 
nation  to  understand  their  irn plications. 
Thb  is  best  provided  by  defining  the 
units.  In  lew  1,  the  weight  Iwlisan  grams 
or  ounces  and  the  quantity  of  electricity 
is  in  coulombs,  which  is  amps  la)  x  time 
(seconds)  (f). 

Therefore  w  is  proportional  to  a  x  f. 

In  law  2,  the  electro-chemical  equiva¬ 
lent  is  defined  as  the  weight  an  element 
will  replace  or  combine  with  eight  pans 
by  weight  of  oxygen  in  a  reaction. 

The  valency  is  defined  as  the  number 
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Electrolyte 

A  conducting  medium  for  most  electro¬ 
plating*  An  aqueous  solution  with 
water-soluble  chemicals  of  the  metal  to 
be  deposited,  These  chemicals  dissolve 
in  water  and  form  ions  which  acquire  a 
positive  ©or  negative  ©charge. 

Ion 

is  an  atom,  or  atoms,  which  have  gained 
or  lost  electrons  and  in  consequence 
carry  a  positive  ©or  negative  ©charge. 
The  positive  charged  ion  is  called  a 
cation,  which  is  discharged  at  the 
cathode,  The  negative  charged  ion  is 
called  an  arnon,  which  is  discharged  at 
the  anode, 

p.H 

The  use  of  the  term  p  H  win  be  men¬ 
tioned  in  the  book  in  various  chapters. 
The  definition  of  the  term  p,H  is  defined 
as  the  log  to  the  base  TO  of  the  concen¬ 
tration  of  the  hydrogen  ion,r  or  p.H  =  - 
log  icEH^l. 

in  electroplating  it  is  used  to  define 
the  acidity  or  alkalinity  of  an  electrolyte. 

In  practical  terms  a  p,H  of  1  to  6  is 
acidic;  p.H  7  is  neutral;  and  p.H  8  to  id  is 
alkaline.  A  good  example  of  neutral  sol¬ 
ution  is  pure  water  which  is  p.H  7, 

Inert,  or  insoluble  anode 

This  is  when  an  anode  such  as  stainless 
steel,  platinised  titanium  or  lead  is  used 
in  an  electrolyte  and  the  anode  does  not 
dissolve  into  the  electrolyte  to  keep  the 
concentration  in  balance.  This  is  as  dis¬ 
tinct  from  the  copper  anode  in  the 
copper  electrolyte. 

The  inert  anode  has  an  advantage  in 
certain  electrolytes  for  electroplating. 
However,  tighter  control  is  needed  in 
monitoring  the  balance  of  the  electro¬ 
lyte,  due  to  lack  of  replenishment  from 


the  anode  of  that  particular  metal,  which 
thus  reduces  the  concentration  of  the 
metallic  ion  fn  solution,  causing  an  im¬ 
balance  in  the  electrolyte.  The  other  fac¬ 
tor  affected  by  an  inert  anode  is  the  p.H; 
this  will  change  and  affect  the  efficiency 
and  physical  characteristics  of  the  elec¬ 
troplated  deposit.  The  main  electroplat¬ 
ing  processes  using  inert  anodes  are 
chromium  electroplate  (decorative  and 
hard),  using  lead  anodes,  and  gold  elec¬ 
troplating,  alkaline  and  acid  electrolytes 
respectively. 

CURRENT  DENSITY 

This  term  is  defined  as  the  amount  of 
current  (amps)  per  unit  area  of  cathode 
(component),  usually  expressed  as 
amounts  of  current  (amps)  per  square 
foot  or  square  decimetre,  abbreviated 
a„$J,  or  a  dm7. 

The  first  thing  that  must  be  known 
about  the  electroplating  electrolyte  is 
the  preferred  current  density  range. 
This  varies  with  each  electrolyte.  The 
second  consideration  is  the  total  sur¬ 
face  area  of  the  components  you  are  go¬ 
ing  to  electroplate.  The  third  thing  to 
consider  is  the  shape  of  the  component 
or  components  and  its  position  in  re¬ 
lation  to  the  anodes  in  the  tank. 

U|  The  range  of  current  density  will 
be  given  for  the  electrolytes  in  the 
chapter  on  electrolytes. 

(2)  The  measurement  of  the  surface 
area  of  the  components  to  be  elec¬ 
troplated  require  an  elementary 
knowledge  of  mensuration.  Some 
helpful  examples  for  working  out 
the  surface  areas  are  shown  (Fig. 
31 

Most  components  are  shaped  in  a 
combination  of  the  listed  shapes, 
or  approximating  to  these  shapes, 
so  utilising  the  appropriate  form- 
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ulae  a  surface  area  can  be  ob¬ 
tained  lq  achieve  a  good  plated 
appearance  with  the  requisite 
thickness.  In  other  words,  it  is  not 
absolutely  necessary  to  be  accu¬ 
rate  to  a  fraction  of  the  area  to 
obtain  the  correct  electroplated  ef- 
feet  and  thickness. 

(3)  The  shape  of  the  component,  or 
components,  and  position  to  the 
anodes  in  the  electroplating  tank 
can  best  be  explained  by  a  dia¬ 
gram. 

Fig,  4  shows  an  electroplating  tank  with 
anodes  and  a  cathode  suspended  in  the 
electrolyte.  The  cathode  is  so  shaped 
that  it  has  areas  labelled  high  current 
density  and  low  current  density.  In  elec¬ 
troplating  this  component  within  the 
range  of  the  current  density  for  the  par- 
lieu  I  air  electrolyte  the  component  may 
have  a  coarse,  rough  deposit  burnt  in 
the  high  current  density  area  and  little 
or  no  deposit  in  the  low  current  density 
area.  To  improve  the  deposit  various 
means  are  possible.  The  anode  in  front 


of  the  high  current  density  area  may  be 
moved  to  one  side  of  the  component,  or 
the  bottom  high  current  density  area 
may  have  a  ''robber'1  attached,  which 
takes  the  excess  current  For  the  low 
current  density  area  The  anode  is  bent, 
or  a  sub-anode  attached  nearer  the  area 
of  the  component.  Another  method  is  to 
reduce  the  current  density  lo  the  lower 
part  of  the  range,  and  increase  the  time 
for  electroplating. 

These  methods  are  based  on  the  art  of 
electroplating,  and  with  a  build-up  of 
experience  they  will  not  be  too  difficult 
to  accomplish. 

However,  most  components  are  of  a 
straightforward  shape  and  will  electro¬ 
plate  quite  well  when  suspended  in  a 
bath. 

The  other  important  shapes  in  elec¬ 
troplating  are  blind  holes.  These  prove 
difficult,  leaving  stains  around  the  hole. 
The  best  way  to  reduce  this  problem  is 
to  fill  the  hole  with  wax  or  similar  rna 
tenal;  this  will  in  effect  stop  electroplat¬ 
ing  in  the  hole,  but  will  reduce  the 
staining  effect  on  the  component. 


Fig.  4 
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CHAPTER  2 


The  Electrical  Supply 


Metals  are  mainly  electrodeposited  by 
the  action  of  an  electrical  current.  Direct 
current  (DC)  is  essential  for  electro¬ 
deposition.  Alternating  current  (AC)  will 
not  deposit  metals.  However,  there  are 
variations  on  alternating  systems  which 
are  still  being  developed-  These 
methods  give  a  smoother  and  denser 
metal  deposit  and  are  used  in  certain 
specialised  engineering  applications, 
The  main  consideration  for  an  electri¬ 
cal  supply  in  the  workshop  or  light  en¬ 
gineering  facility  will  be  derived  from 
the  normal  single  phase  AC  supply, 

The  supply  voltage  is  immaterial,  as  a 
transformer  is  used  to  convert  it  to  a 
working  AC  outpul- 
The  transformer  should  give  the  char¬ 
acteristics  as  follows: 

CHOICE  OF  OUTPUT  VOLTAGE 

One  main  continuous  winding  tapped  at 
4,63,10  and  12  voitsr  capable  of  giving  a 
substantial  current  of  up  to  10  amps 
continuous, 

RECTIFICATION  OF  THE  CURRENT  OF 
THE  AC  SUPPLY 

The  function  of  the  rectifier  is  to  convert 
the  AC  current  from  the  transformer  to 
DC  current.  Rectif  iers  can  be  of  the  sol  id 


state  variety,  diodes  etc.,  or  the  older 
copper  oxide  or  selenium  types. 

As  described  in  chapter  one,  Fare- 
day's  Law  states  that  the  mass  of  el¬ 
ement,  in  this  case  metal  deposited,  is 
directly  proportional  to  the  quantity  of 
electrical  charge,  coulombs  or  lamps  x 
seconds).  The  rectifier  should  be  suit¬ 
able  for  rectifying  12  volts  and  passing 
12  amps  without  healing  effect,  and  be 
of  the  double  wave  type  giving  full  wave 
rectification,  thus  giving  a  reasonably 
smooth  DC  output. 

VARIABLE  RESISTANCE 

The  next  hem  to  complete  the  package 
of  electrical  equipment  is  a  variable  re- 
sistence.  This  usually  consists  of  a  ro¬ 
tary  switch  set  on  a  heat-resisting 
board.  For  high  amperage  the  variable 
resistance  board  is  often  made  of  metal 
or  slate.  Set  into  the  board  are  brass 
studs  arranged  in  a  circle,  with  a  sliding 
contact  with  a  handle  made  of  brass, 
Arranged  and  connected  behind  the 
studs  are  coils  of  metallic  wire,  varying 
in  size  and  shape  to  produce  different 
resistances  to  obtain  the  desired  amper¬ 
age,  The  variable  resistance  is  then 
connected  u p  with  an  ammeter  and  volt¬ 
meter  to  permit  convenient  monitoring 
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of  the  amperage  and  voltage  readings. 
(Fig.  Bl 

On  some  modern  boards,  instead  of  a 
sliding  contact  on  brass  studs  a  resist¬ 
ance  wire  is  used,  with  pegs  and 
switches  interspersed,  which  are 
pressed  down  for  the  desired  amper¬ 
age.  This  is  when  30  amps  or  more  are 
required,  and  by  placing  the  coils  in  par¬ 
allel  instead  of  series,  less  heat  is  gener¬ 
ated  at  the  coils  for  ihe  high  amperage, 

(Fig  n 

An  ideal  small  electroplating  electri¬ 
cal  supply  can  be  set  up  using  a  battery 
charger  on  us  own,  or  better  still  con¬ 


nected  up  with  a  voltmeter,  ammeter 
and  variable  resistance. 

The  home  battery  charger  normally 
has  only  an  ammeter,  and  sometimes  a 
6  to  12  volt  plug,  the  maximum  outpui 
being  4  to  5  amps.  If  you  have  a  6  volt 
output,  use  this  for  norma i  electfoplai 
ing.  A  6  volt  control  unit  must  be  made 
as  a  separate  item,  etther  on  its  own 
chassis  or  in  its  own  metal  box.  If  made 
in  its  own  box,  do  not  forget  to  provide 
adequate  ventilation,  as  quite  a  lot  of 
heat  is  generated  when  using  maximum 
amps. 

The  12  volt  unit  can  also  be  made  as  a 


A  r ypic&t  layout  of  the  electrical  supply  and  an  electroplating  tank  with  an  electrolyte  trine) 
and  zinc  anodes  and  components  being  plated 
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separate  item  if  desired,  but  if  you  have 
enough  room  inside  the  battery  charger 
casing,  you  can  fit  the  control  items  into 
i his.  Then,  when  the  unit  is  needed  as  a 
battery  charger,  wind  the  potentiometer 
knob  to  maximum  volts,  making  sure 
that  the  one  amp  meter  is  shorted  out 
using  the  5  amp  switch,  and  you  are 
ready  to  charge. 

Should  you  make  the  control  unit  as  a 
separate  item,  remember  to  connect  the 
chassis  or  metal  case  to  the  metal  case 
or  chassis  of  the  battery  charger. 

Fig.  8  shows  the  circuit  diagram 
which  is  very  simple. 

The  potentiometer  is  connected 
across  the  output  of  the  battery  charger, 
numbered  1  and  2  on  the  diagram,  and 
the  slid! ng  arm  3  laps  off  the  voltage  as 
required,  and  is  shown  on  the  voltmeter 
V. 

[f  you  are  electroplating  a  component 
that  requires  more  than  one  amp,  then 
the  one  amp  ammeter  must  be  shorted 
out  by  closing  the  5  amp  switch  S,W, 
The  higher  amperage  can  then  be  read 
on  the  charger  unit's  internal  ammeter. 
When  you  wish  to  electroplate  a  small 


component  requiring  less  than  one 
omp,  turn  the  potentiometer  right  down 
so  as  to  pul  minimum  voltage  in  the  cir¬ 
cuit,  open  the  switch  S,W,r  and  with  the 
anodes  and  components  (cathodes] 
already  in  the  electrolyte,  connect  the 
control  unit  output  to  the  respective 
anode  and  cathode  connections.  Then 
wind  up  the  potentiometer  until  the  re¬ 
quired  reading  on  the  one  amp  am¬ 
meter  is  shown. 

The  normal  convention  for  a  control 
knob  is  clockwise  for  maximum,  and 
anti-clockwise  for  minimum,  and  if  the 
circuit  is  connected  as  fig,  8,  this  should 
come  out  correctly.  Should  you  find  the 
reverse  happening,  break  the  contaci 
between  the  voltmeter  and  1,  (shown  as 
X  on  the  diagram),  and  couple  the  volt¬ 
meter  connections  to  point  2  on  the  dia¬ 
gram.  This  should  correct  the  fault 

Fig.  9  shows  the  back  view  of  a  poten¬ 
tiometer.  Tags  1  and  2  are  the  two  ends 
of  the  variable  resistor,  and  tag  3  is  the 
Sliding  arm. 

Other  methods  of  providing  a  DC 
supply  for  electroplating  are  large  30 
amp  battery  chargers  for  milk  floats. 
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COMPONENTS  i  j$r 


FQft 6  VOLTS 

ROTE  KTiOMETtn  2B  pH  Mg,  2h  WATT  In 


VCU.TM{TTH 


6  VBLTS 
i  AM?  P.5.D 


SWfTCH 


5  AMPS 


ran  > 7  volts 

POTENTIOMETER 

VOLTMETER 

ammeter 

SWITCH 


bn  OHMS  50  WATTS 
1?  VOLTS 
1  AMPES.D 
5  AMPS 


fig  3 


(Daveyset  types  have  been  used  by  the 
author}. 

The  simplest  way  of  supplying  a  cur¬ 
rent  for  electroplating  is  a  12  or  6  volt 
battery  connected  in  series  with  an  am¬ 


meter  and  switch.  The  limitation  of  this 
is  that  the  battery  has  to  be  re-charged 
after  a  period  of  time,  depending  of 
course  on  the  amperage  drawn. 
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CHAPTER  3 


The  Electroplating  Tank 


The  electroplating  tank,  vat,  or  bath, 
whatever  it  is  called,  contains  the  elec¬ 
trolyte.  However,  other  parts  of  the  pro¬ 
cess  have  to  be  considered,  such  as 
cleaning  and  rinse  tanks. 

The  electroplating  and  cleaning  tanks 
are  the  most  important,  because  they 
hold  corrosive  solutions  of  chemicals. 
The  rinse  tanks,  as  their  name 
suggests,  are  merely  suitable  vessels 
containing  plain  water. 

The  main  points  to  consider  are  the 
materials,  the  construction,  the  size, 
and  if  requiring  to  be  heated.  This  app¬ 
lies  to  both  cleaning  and  electroplating 
tanks, 

Taking  the  points  in  order:- 

MATERIALS 

Most  chemical  solutions  are  either  acid 
or  alkaline.  The  only  neutral  substances, 
i.e„  pH  7.0,  are  usually  organic  solvents 
(used  in  the  initial  cleaning}  and  water. 
Listing  the  cleaning  solutions  and 
electrolytes  used  in  various  chapters 
with  the  relevant  materials  will  illustrate 
what  can  and  cannot  be  used  for  a  par¬ 
ticular  solution  (see  Table  1 ), 

NOTES  REGARDING  TABLE  1 

(1 }  Where  plastics  are  mentioned,  the 


most  usual  are  polythene  and 
polypropylene.  These  plastics 
come  under  various  trademarks, 
and  can  all  be  used.  Good  ex¬ 
amples  of  these  are  half  and  one 
gallon  ice  cream  canons,  Other 
good  plastic  containers  for  tanks 
are  cut-down  2.5  litre  chemical 
containers  or  ten  gallon  carboys. 

(2}  Using  mild  or  stainless  steel  tanks 
has  the  advantage  that  they  can  be 
heated  easily  with  a  gas  ring.  They 
also  have  more  rigidity,  especially 
when  heated.  This  applies  to  the 
alkaline  cleaners. 

(3)  Pyrex-type  glass  is  quoted  be¬ 
cause  it  is  heat  resistant.  When  it  is 
in  the  form  of  chemistry  labora¬ 
tory  squat  beakers  It  can  be  heated 
on  an  electric  hotplate  or  a  Bunsen 
burner,  Custom-made  plastic 
tanks  can  be  purchased  from  elec* 
troplating  supply  houses. 

Small  plastic  tanks  can  be  heated 
by  low  wattage  aquaria  plastic- 
covered  heaters.  For  larger  vol¬ 
ume  tanks,  varying  sized  wattage 
of  silica  sheathed  heaters  up  to 
2KW.  or  stainless  steel  or  titanium 
immersion  heaters  of'  similar  watt¬ 
age,  can  be  used. 
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Table  1  Recommended  Material  for  Tanks 

Electrolytes_ Remarks 


NH1  Zinc 

Plastic,  propylene  type 

Pyrex  qlass,  stainless  steel 

Mildly  acidic 
electrolyte 

PT2  Zinc 

Mild  steel,  Plastic,  propylene  type 
Pyrex  qlass,  stainless  steel 

Alkaline 

Dull  Nickel 

Plastic,  propylene  type,  Pyrex  glass 

Semi-bright  Nickel 

PI  a  stre. ''rubber  lined  steel,  Pyrex 

Mildly  acidic 

Dull  Copper 

Plastic,  propylene  type,  Pyrex  glass, 
stainless  steel. 

Semi-bright  Copper 

stainless  steel,  Pi  a  she ''rubber 
lined  steel 

Acidic 

Tin 

Mild  steel,  Plastic,  propylene  type, 
Pyrex  qlass,  stainless  steel 

Alkaline 

Aluminium 

Plastic,  propylene  type. 

Acidic 

Anodise 

Pyrex  glass,  Lead-lined 

Pretreatment  Solutions 


ND1  Soak 

Cleaner 

All  this  g  roup 
mild  steel 

All  Alkaline 

N°i  A  Electrolytic 
Cleaner 

Plastic,  propylene 

N°1A  Mild  Steel 
can  be  used 

N°2  Cleaner 

Aluminium 

Pyre*  glass, 
stainless  steel 

for  Anode 
and  Cathode 

N°1  Hydrochloric 

Acid  Pickle 

All  this  group 

AH  Hiahiv 

Nn1  A  Hydrochloric 

Acid  Pickle 

Plastic,  propylene 
type,  Pyrex  qlass 

Acidic 

N°2  Sulphuric 

Acid  Pickle 

Stainless  steel 

IST3  Pickle 

Aluminium 

Earthenware  (glazed) 

N°4  Uriah!  Dip 

Nn5  Bright  Dip 

Aluminium 

Zmcate  Dip 

Plastic,  propylene  type, 

Pyrex  glass,  stainless  steel 

Highly 

Alkaline 

Fig.  10  Typical  sfoctropiating  iank. 


TANK  CONSTRUCTION 

In  the  construction  of  electroplating  and 
cleaning  tanks  for  professional  finishing 
shops,  glass  and  most  plastic  tanks  are 
made  by  moulding,  and  these  are  pur¬ 
chased  according  to  the  sire  and  vol¬ 
ume  required.  Some  plastic  can  be 
welded,  such  as  polythene  and  poly¬ 
propylene.  Re  careful  to  check  that  these 
tanks  have  no  leaks.  It  is  good  practice 
to  fill  them  with  water  and  allow  to 
stand  for  a  day,  to  see  if  any  leaks  ap¬ 
pear. 

For  metal  tanks  that  have  been 
welded  the  same  checking  for  leaks 
applies. 

For  stainless  steel  tanks  make  sure  a 
good  grade  of  stainless  steel  is  used, 
such  as  317S12,  This  will  stand  the  cor¬ 
rosive  nature  of  the  bright  dips  and 
pickles, 

A  typical  tank  is  illustrated  and  the  fol¬ 
lowing  numbers  relate  to  that  shown  in 
Fig.  10; 


(11  Insulated  holders  for  anode  and; 
cathode  bars,  usually  made  of 
porcelain  or  plastic.  If  the  tank  is 
made  of  steel,  these  holders  then 
keep  the  anode  and  cathode  bars 
insulated.  These  are  bolted  or 
screwed  onto  the  flanges,  For 
plastic,  the  tank  material  provides 
Insulation. 

{2)  The  anode  and  cathode  bars, 
usually  made  of  copper  or  brass, 
typical  diameters  being  Vain.  Wm. 
to  1  in.  and  V/im..  depending  on 
the  size  of  the  tank  and  the  weight 
of  the  anode  they  will  have  to  sup¬ 
port 

(3)  Anode.  These  can  be  sheet,  drilled 
and  hooked,  or  hooked  anodes. 
Make  sure  the  hooks  are  out  of  the 
elect  rolyte. 

{4)  The  rim,  or  the  flange  around  the 
top  of  the  tank,  is  useful  for  hand¬ 
ling  and  affixing  the  holders  for 
the  anode  and  cathode  bars,  and 
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Fig.  11  Alierrrartrve  arrangement  of  anode  and  cathode  bars- 


holders  for  the  various  heaters 
and  agitation  equipment. 

(51  This  is  the  cathode,  or  component 
to  be  electroplated.  It  can  either  be 
wired  on  with  copper  wire  or  alu¬ 
minium  wire  For  plating  or  anodis¬ 
ing.  The  component  can  be  jigged 
or  hooked,  A  useful  method  for 
small  components  is  to  pre-dean 
and  spread  them  out  on  a  piece  of 
stainless  steel  mesh  shaped  like  a 
basket,  with  a  wire  or  hook 
through  the  middle  (Fig.  1 2).  After 
spreading  them  over  the  surface 
of  the  mesh,  the  basket  is  im¬ 
mersed  In  the  electrolyte  sus¬ 
pended  by  the  hook  from  the 
cathode  bar.  Shake  the  basket  at 
various  times  to  move  the  com¬ 
ponents.  This  will  prevent  areas 
being  unplated. 


Fig.  12  Stainless  stee!  basket  for  small 
components, 
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The  calculation  of  the  volume  of  a 
tank  is:- 

Volume  (V)  in  gallons  with  the  dimen¬ 
sions  in  inches. 

V  -  length  x  width  x  height  cu  —  inches 

276.5  (inches)* 

V  -  length  x  width  x  height  cu  -  feet 

0.16  (feet)* 

V  in  litres  -  length  x  width  x  height 

1000 

cu-centimetres  (cch 

These  dimensions  will  be  the  total 
volume  to  the  measured  height  of  the 
tank.  The  actual  volume  is  to  the  height 
of  the  solution. 

If  agitation  of  the  electrolytes  is 
needed  (this  depending  on  whaitype  of 
finish  is  required)  two  methods  are 
suggested:- 

(1 )  For  nickel  and  copper  electrolytes* 
as  well  as  the  anodising,  they  can 
he  agitated  by  an  electric  paddle 
stirrer  situated  at  the  side  of  the 
tank. 

{21  A  good  method  is  to  place  a  plastic 
pipe  at  ihe  bottom  of  the  tank,  with 
small  holes  drilled  in.  Attached  to 
this,  by  means  of  a  flexible  pipe,  is 
a  regulated  compressed  air 
source.  When  air  is  passed 
through  the  pipes,  this  gives  a 


bubbling  action,  which  agitates 
the  solution.  Care  -  regulate  well, 
or  else  it  will  froth  and  bubble 
over. 

Housekeeping  with  electroplating 

process  tanks 

11)  Always  remove  the  anode  and 
cathode  bars,  and  dean  down  by 
rubbing  with  scouring  powder, 
Scotchbrite  or  doth.  Rinse  in 
water  and  replace.  Check  all  elec- 
trical  contacts  on  the  tank  for  heat. 
If  hot,  make  sure  that  a  better  con¬ 
nection  is  obtained,  {Heat  dissi¬ 
pates  the  current h 

{2)  Make  sure  all  the  solutions  are  up 
to  the  required  volume,  if  not  they 
are  topped  up  with  clean  water,  or 
distilled  or  deionised  water. 

(3)  Make  sure  all  the  anodes  are 
clean,  and  the  contacts  to  the 
anode  bar  are  clean.  In  all  these 
areas  the  current  density  will  vary 
if  there  is  a  had  contact, 

[4j  Ensure  all  rectifier  electrical  con¬ 
tacts  are  clean* 

(5)  Remove  the  anodes  and  rinse 
when  the  electrolyte  is  not  in  use. 

(6}  Cover  the  electrolytes  with  lids 
when  not  in  use. 
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CHAPTER  4 


The  Cleaning  of  the  Substrate 


The  most  important  part  of  the  electro¬ 
plating  process  is  the  preparation  and 
cleaning  of  the  substrate,  i,e.  the  surface 
of  the  component  prior  to  the  electro¬ 
plating  operation. 

This  part  of  the  process  determines 
the  appearance  and  the  adhesion  of  the 
electroplated  deposit,  as  well  as  its  anti¬ 
corrosion  properties. 

The  important  point  to  remember 
about  a  cleaning  cycle  is  to  make  it  as 
simpie  as  possible  within  the  confines 
of  the  component  to  be  cleaned,  the  re¬ 
quired  appearance  of  the  electroplated 
deposit,  and  what  metal  is  to  be  electro 
deposited.  Elaboration  of  the  cleaning 
process  can  lead  to  a  poorly  finished 
component,  and  consequently  lead  to  a 
waste  of  materials. 

The  first  part  of  any  cleaning  cycle  is 
de-greasing.  This  part  of  the  cleaning 
operation  is  carried  out  with  an  organic 
solvent  and  referred  to  as  the  solvent 
dean.  There  are  various  de-greasing 
agents  used  in  this  part  of  the  cycle  end 
they  are  usually  some  form  of  paraffin, 
white  spirit,  industrial  alcohol,  or  halo- 
genated  hydrocarbons  such  as  Gen- 
klene. 

In  industrial  finishing  shops  a  vapour 
clean  is  used  in  custom-built  tanks  con¬ 


taining  halogenated  hydrocarbons  such 
35  trichloroethylene.  These  are  used 
within  certain  health  and  safety 
regulations,  which  makes  them  an  ex¬ 
pensive  capital  process. 

For  general  use,  to  remove  soil, 
grease  and  oil  etc.  (all  being  soluble  in 
organic  solvents}  the  components  are 
wired,  hooked  or  placed  in  a  metal 
basket,  usually  stainless  steel,  which  is 
then  immersed  in  a  metal  container  con¬ 
taining  the  solvent  and  agitated  from 
one  to  ten  minutes,  depending  on  the 
amount  of  grease  and  soil.  They  are 
then  shaken  and  allowed  to  air  dry. 
Large  components  can  be  wiped  with  a 
solvent-soaked  cloth  before  dipping, 
Great  care  must  be  taken  with  solvents 
as  they  are  flammable,  give  off  danger¬ 
ous  vapours  and  remove  grease  from 
the  skin  and  could  cause  dermatitis.  It  is 
best  to  carry  out  this  operation  in  an 
open  atmosphere,  with  no  naked  flames 
and  using  gloves. 

The  solvent  dean  is  a  preliminary 
clean  which  is  carried  out  on  all  metals. 

ALKALINE  CLEANERS 

Alkaline  Soak  Cleaner 

This  cleaning  solution  can  be  used  for 
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all  ferrous  meials,  copper  and  its  alloys, 
ft  removes  the  last  traces  of  grease  and 
oil  and  residual  polish  compounds  from 
the  components. 

No.i  Alkaline  Cleaner 

Make  up:- 

Sodiurn  Hydroxide  602.  per  gallon  40 
grrns.  per  litre. 

Sodium  Carbonate  4oz.  per  gallon  25 
grms.  per  litre. 

Sodium  Trisiticate  4oz.per  gallon  25 
grms.  per  litre. 

This  can  be  made  up  with  water  to  the 
required  volume,  Care  most  be  taken 
with  sodium  hydroxide  which  ps  very  al¬ 
kaline:  gloves  and  goggles  most  be 
used. 

The  cleaner  is  used  at  a  temperature 
of  between  6GC  and  80  C,  |140  F  to 
1 7 6  F ! .  For  ferrous  metals  it  is  best  to 
use  the  temperature  of  80' C.  It  is  recom¬ 
mended  to  use  a  steel  container  for  the 
cleaner.  The  components  are  immersed 
from  two  to  ten  minutes, 

For  a  Second  Stage  Cleaner  or  Elec¬ 
trolytic  Cleaner  the  above  bath  can  be 
used.  It  can  be  used  in  the  same  tank 
when  made  of  steel,  It  is  considered 
good  practice  ro  place  two  tanks  in  tan¬ 
dem,  the  first  for  a  soak  cleaner,  and  1  he 
second  an  electrolytic  cleaner. 

For  ferrous  metals  the  tank  is  made 
anodic,  that  is  the  tank  is  connected  to 
the  positive  part  of  the  electrical  supply 
and  the  wired  or  hooked  components 
connected  to  the  cathodic  negative  part 
of  Ihe  electrical  supply.  Make  sure  that 
they  are  insulated,  by  taping  across  she 
top  of  the  tank. 

The  high  end  of  the  temperature 
range  is  used,  that  is  0O:'C  ai  a  current 
density  of  10  a.s.f.  -  30  a.s.f.  (1.0a  dm"'  - 
3,0a  dm2)  from  one  to  two  minutes. 

The  mechanism  of  this  type  of  clean¬ 
ing  is  that  hydrogen  gas  is  liberated 


over  the  surface  of  the  cathode,  i.e.  the 
component,  the  surface  of  which  is 
"scrubbed"  by  the  hydrogen  gas  and 
this  in  consequence  effects  a  cleaning 
action. 

For  copper  and  its  alloys  the  same 
procedure  is  used  as  for  the  ferrous 
metals,  but  the  temperature  used  is  60  C 
(14IFFL  the  lower  end  of  the  tempera¬ 
ture  range.  The  current  density  is  also 
lower  at  5  a.s.f.  {Q.Sadrrr },  for  a  period 
of  twenty  to  forty  seconds. 

To  finish  off  this  part  of  the  cycle  for 
both  ferrous  materials  and  copper  and 
copper  alloys  the  polarity  is  reversed, 
i.e.  the  component  made  anodic  and 
cleaned  for  a  further  ten  seconds  at  the 
same  current  densities  as  for  ferrous 
and  copper  and  copper  alloys  respect¬ 
ively,  This  removes  a  tiny  amount  of 
metal,  hence  giving  a  clean  and  active 
surface, 

Alkaline  Cleaner  for  Aluminium  and 
Zinc  Die  Castings 

These  are  cleaned  in  a  low  alkali 
cleaner,  which  gives  a  dull,  frosty  ap¬ 
pearance  to  the  components  but  offers  a 
good  dean  surface  prior  to  electroplat¬ 
ing  or  anodising. 

No.  2  Alkaline  Cleaner 

Make  up> 

Sodium  hydroxide  3oz,  per  gallon 
20grms.  per  litre. 

Sodium  Carbonate  4oz.  per  gallon 
25grms.  per  litre. 

The  cleaner  is  used  at  a  temperature  of 
60  C  (MOT).  However,  it  can  be  used  at 
a  lower  temperature  if  a  reduction  in  the 
frosty  appearance  is  desired.  The  im¬ 
mersion  lime  is  from  One  minute  to 
three  minutes,  depending  again  on  the 
appearance  required. 

The  tank  for  this  cleaner  can  be  of 
plastic,  steel  or  glass. 
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PICKLES 

The  next  pan  of  the  clearing  cycle  is  the 
pickling  process.  Pickling  metals  means 
the  removal  of  impurities  such  as  scale, 
and,  in  the  case  of  steel,  rust,  from  the 
surface,  with  little  or  no  attack  or  re¬ 
moval  of  the  actual  metal  underneath 
the  impurities. 

Pickles  are  formulated  from  mineral 
acids  such  as  hydrochloric  and  sul¬ 
phuric  acids. 

No.  1  Pkkle 

Hydrochloric  Acid  Pickle. 

Make  up:- 

Concentrated  Hydrochloric  Acid 
31.5fJ.02,  200  mis. 

Water  made  up  to  one  gallon  lor  200m! 
in  one  litre). 

This  pickle  fs  used  at  room  tempera¬ 
ture,  The  recommended  tank  to  use  is  of 
plastic,  usually  polypropylene,  or  glass. 
If  a  steel  tank  is  used,  it  must  be  lined 
with  rubber  or  plastic.  It  is  preferable  to 
have  a  lid  on  when  not  in  use  because  of 
the  fumes,  which  will  cause  rusting  of 
steel  objects  inclose  proximity, 

The  procedure  for  making  up  is  to  half 
fill  the  tank  with  cold  water,  then  pour  in 
the  measured  volume  of  concentrated 
hydrochloric  acid  slowly.  Take  care  to 
use  gloves,  goggles  and  overalls  and 
carry  out  in  an  open  space.  After  the 
acid  has  been  added,  make  up  to  the  re¬ 
quired  volume.  The  reaction  of  hydro¬ 
chloric  acid  with  water  does  not  raise 
the  temperature. 

This  pickle  can  be  used  both  for  fer¬ 
rous  materials  and  copper  and  its 
alloys. 

The  immersion  time  varies  according 
to  how  much  scale  is  present  on  the 
components.  For  normal  scale  removal, 
One  to  four  minutes  is  the  usual  time. 
The  components  are  usually  wired  up 
with  copper  wire,  hooked,  or  on  jigs, 


To  make  up  an  Inhibited  Pickle,  the 
make  up  for  the  hydrochloric  pickle  is 
used  with  0-5“=  by  weight  Hexamine  ad¬ 
dition, 

No. 1(A)  Fickle 

G.Boz,  per  gallon  or  Sgrms.  per  litre  of 
Hexamine. 

The  result  of  adding  the  H examine 
will  be  the  removal  of  the  scale  by  the 
pickle,  but  there  will  be  no  action  of  the 
pickle  on  the  clean  metal  surface.  In 
other  words,  the  action  of  the  pickte  wi  II 
cease  when  the  scale  has  been  re¬ 
moved,  NOTE  — this  inhibited  pickle  can 
only  be  used  on  ferrous  materials 

No.  2  Pickle 

Sulphuric  Acid  Pickle . 

Make  up> 

Concert  fra  ted  Sulphuric  Acid  9ff.oz.  55 
mis. 

Water  made  up  to  one  gallon  (55ml  in 
one  litre). 

The  same  material  is  used  for  the 
tanks  as  in  No.i  Pickle.  The  procedure 
for  making  up  the  pickle  is  also  the  same 
as  No.  1  Pickle,  but  take  care  with  sul¬ 
phuric  acid  -  use  goggles,  gloves  and 
overalls,  as  this  is  corrosive,  and  when 
added  to  water  the  temperature  of  the 
solution  rises  rapidly,  so  stir  continu¬ 
ously  while  slowly  adding  the  acid,  (See 
the  difference  with  No.i  Pickle  where  no 
heal  is  generated). 

After  cooling,  the  pickle  is  ready  for 
use.  It  is  used  at  room  temperature  and 
used  both  for  iron  and  steel  and  copper 
and  brass. 

For  normal  scale  removal,  one  to  four 
minutes  immersion  time  is  required. 

No.  3  Pickle 

Aluminium  and  Alloys  Pickle. 

Make  up;- 

Concentrated  Nitric  Acid  39fl.oz. 
250  nils. 
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Sodium  Fluoride  1,5oz.  lOgrms, 

Water  made  up  to  one  gallon  1250ml  jn 
one  litre), 

This  is  used  as  a  pickle  for  aluminium, 
•or  for  de-smotting  certain  aluminium 
alloys,  and  generally  imparts  a  dean 
surface. 

The  bath  can  be  made  up  in  a  glass  or 
plastic  tank,  i,e,  polypropylene. 

To  make  up  the  pickle,  half  fill  the  tank 
with  water,  add  the  measured  amount 
of  concentrated  nitric  acid  to  the  waterr 
slowly,  continuously  stirring.  Maxi,  add 
the  sodium  fluoride  and  stir  well  until 
dissolved.  Finally,  make  up  to  the  re¬ 
quired  volume  with  water.  CARE  with 
nil ric  add.  being  corrosive;  use  gloves, 
goggles  and  overalls. 

The  pickle  is  used  at  room  tempera¬ 
ture,  with  immersion  time  of  between 
thirty  seconds  and  one  minute. 

Bright  Dips 

No.  4  Dip 
Make  up> 

Concentrated  Sulphuric  Acid  BOfl.oz. 
500  mis. 

Concentrated  Nitric  Acid  30f!,oz, 
f85mts, 

Concentrated  Hydrochloric  Acid 
O.Sfl'Qz  iSmls* 

Water  60f I .oz.  300m Is, 

(Making  one  gallon  or  one  litre  re¬ 
spectively). 

The  tankcan  be  made  of  glass,  plastic, 
polythene,  P.V.C.*  or  a  good  quality 
stainless  steel  such  as  317S12  grade. 

To  make  up  the  bright  dip,  the  water  is 
poured  in  the  tank,  and  the  concentrated 
sulphuric  acid  added  slowly,  stirring 
continuously;  watch  for  overheating. 
The  solution  is  allowed  to  cool  to  room 
temperature.  The  measured  amount  of 
concentrated  nitric  acid  is  added,  stir¬ 
ring  continuously,  then  the  measured 


amount  of  concentrated  hydrochloric 
acid  added. 

ft  is  good  practice  to  stand  plastic  con¬ 
tainers  in  an  outer  tank  containing  cold 
water. 

Care,  when  making  up  this  bath.  The 
concentrated  mineral  acids  are  corros¬ 
ive  and  cause  burns,  therefore  gloves, 
goggles  and  overalls  must  be  worn. 

The  bright  dip  is  used  at  room  tem¬ 
perature  for  copper  and  copper  alloys 
and  nickel  silver  only.  The  immersion 
time  is  a  matter  of  seconds,  this  being 
dependent  on  the  surface  required. 
After  bright  dipping,  they  must  be  im¬ 
mersed  in  a  cold  water  rinse  to  remove 
the  acid.  Put  a  small  amount  of  sodium 
carbonate  in  the  rinse  to  neutralise,  say 
2oz.  per  gallon.  The  components  to  be 
bright  dipped  are  wired  with  copper 
wire.  Smell  components  can  be  dipped 
in  stainless  steel  baskets.  This  process 
must  be  well  ventilated,  or  done  in  the 
open  air,  because  when  dipping  the 
components,  red  fumes  of  nitrogen  di 
oxide  are  given  off  from  the  dip,  which 
are  extremely  hazardous. 

For  Bright  Dipping  of  Aluminium 

No.  5  Dip. 

Make  up:- 

Concentrated  Phosphoric  Acid  15.4fLoz. 
440  mis. 

Hydrogen  Peroxide  (20  volumes) 
G,14fl,oz.  4m Is, 
l4/afer0.73fLoz.  21  mis, 

The  solution  is  operated  at  3  tempera- 
lure  of  90°C  f  1 95*FK 

The  tank  used  is  made  of  glass  or 
plastic,  i.e,  propylene.  The  water  is 
poured  in  the  tank,  end  concentrated 
phosphoric  acid  added  slowly,  stirring 
continuously.  After  mixing,  the  solution 
is  allowed  to  cool,  then  the  hydrogen 
peroxide  is  added.  Care.  Concentrated 
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phosphoric  acid  and  hydrogen  peroxide 
are  corrosive,  therefore  gloves,  goggles 
and  overalls  must  be  worm  The  alu¬ 
minium  components  are  immersed 
from  ten  seconds  to  one  minute,  dep¬ 
ending  on  the  brightness  required  end 
the  particular  aluminium  alloy  being 
dipped.  Immediately  after  dipping  the 
components  are  rinsed  in  cold  water  to 
remove  traces  of  the  dip. 

Outlined  in  this  chapter  are  a  number 
of  chemical  cleaning  methods.  These 
give  a  chemically  clean  surface,  prior  to 
electroplating,  which  is  the  ideal  situation. 

However,  various  physical  methods 
can  be  used  with  or  In  some  cases  in¬ 
stead  of  chemical  cleaning. 

Wet  scouring  powder,  Scotch brite 
pads  and  wire  wool  can  be  used  on 
components,  especially  copper  or  brass 
ones.  These  can  then  be  rinsed  and  di¬ 
rectly  electroplated,  or  put  through  the 
various  chemical  cleaning  processes. 

Grit  or  wet  blasting  is  an  excellent 
method  of  cleaning  components,  es¬ 
pecially  cast  iron,  cast  components  or 
heavily  rusted  steel  articles.  Com¬ 
ponents  cleaned  this  way  can  be  di  rectly 
electroplated.  In  the  case  of  cast 
components,,  this  reduces  the  risk  of 
occluded  cleaners  leaching  out  after 
electroplating. 

After  the  solvent  dean  process,  if  des¬ 
ired,  certain  areas  which  may  not  need 
to  be  electroplated  may  be  'masked  off'. 
This  is  carried  out  by  using  masking 
tape,  PVC,  or  similar  plastic  tape,  or 
stopping  off  lacquers,  These  are  lac¬ 
quers  made  of  synthetic  resins,  such  as 
polyurethane  varnish.  They  are  painted 
on  and  allowed  to  dry.  \i  is  best  to  use  a 
tape  or  lacquer  commensurate  with  the 
hottest  pan  of  the  electroplating  pro¬ 


cess  or  the  masking  may  break  down 
during  processing. 

POINTS  TO  REMEMBER 

Always  add  acid  to  water,  not  vice  versa 
After  mixing  with  water  it  is  usually  less 
hazardous. 

Always  wear  gloves,  goggles  and  over 
alls. 

If  there  is  any  spillage  on  parts  of  the 
body,  wash  with  running  cold  water. 
Work  in  the  open  air.  or  have  good  ven¬ 
tilation, 

TABLES 

The  accompanying  tables  cover  the 
cleaning  and  the  electrolytes  used  in  the 
deposition  of  the  metals.  It  is  a  sum¬ 
mary  of  chapters  fou  r  and  five,  and  parts 
of  chapters  six  and  nine, 
ft  shows  the  substrate  materials  with 
the  combination  of  the  cleaning  cycles, 
the  electrolytes,  and  the  options  to 
achieve  which  finish  you  require. 

Key  to  reference  numbers  on  the  tables. 

(1 )  The  preferred  dean  is  &  grit,  or  wet 
blast.,  prior  to  electropfating. 

(2)  To  electroplate  either  of  the  acid 
coppers  a  minimum  of  a  flash  of 
either  of  the  nickels  must  be  de- 
posited. 

(3)  For  tin  electroplating,  to  facilitate 
soldering,  it  is  recommended  (hat 
a  flash  of  nickel  be  deposited  be¬ 
fore  tin  electroplating.  This  is  par¬ 
ticularly  necessary  on  brass, 
because  it  prevents  de -zincing  of 
brass  after  the  solder  operation. 

(4)  The  zincate  dip  is  necessary  when 
electroplating  aluminium  with 
nickel  and  other  metal  deposits 
elect  rolyti  tally. 
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SUBSTRATE 

MATERIAL 

Solvent 

Clean 

N"1  Soak 
Clearer 

N*1A 

Electrolytic 

Cleaner 

U°2 

Alkaline 

Cleaner 

Aluminium 

NU1  N°1  A  N°2 

Hydrochloric  Hydrochloric  Sulphuric 
Acid  Acid  Acid 

Pickle  -fHexamine  Pickle 

N°3 

Pickle 

Aluminium 

IRON 

Yes 

Yes 

Yes 

Yesor  1 A  or  2  Yes  or  1  or  2  Yes  or  1  or  1A 

— 

STEEL 

Yes 

Yes 

Yes 

— 

Yes  or  1 A  or  2  Yes  or  1  or  2  Yes  or  1  or  1 A 

— 

HIGH 

TENSILE 

STEEL 

Yes 

Yes 

Optional 

— 

Yes  or  1  A,  2  Yesor  1,2  Yes  1,1  A 

— 

IRON/STEELm 

CASTINGS 

Yes 

Yes 

Yes 

— 

Ye$or  lAt2  Yes  or  1,2  Yes  or  1, 1A 

— 

ALUMINIUM 
&  ALLOYS 

Yes 

— 

— 

Yes 

• - 

Yes 

ZINC 

DIECASTING 

Yes 

— 

— 

Yes 

—  —  — 

Yes 

BRASS 

Yes 

Yes 

Optional 

— 

Yes  or  2  -  Yes  or  1 

— 

COPPER 

Yes 

Yes 

Optional 

— 

Yes  or  2  -  Yes  or  1 

— 

BRONZE 

Yes 

Yes 

Optional 

— 

Yes  or  2  -  Yes  or 

— 

NICKEL 

SILVER 

Yes 

Yes 

Optional 

— 

Yes  or  2  -  Yes  or  1 

— 

1 
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SUBSTRATE 

MATERIAL 

N°4 

Bright 

Dip 

Nu5 

Bright 

Dip 

Aluminium 

Zincate 

Dip 

N°1  &  2 
Zinc 

Dull 
Nickel 
Semi  Bright 
Nickel 

Dull 
Copper 
Semi  Bright 
Copper 

Tin 

Anodise 

IRON 

— 

— 

— 

Yes 

Yes 

Yes*2* 

Yest3f 

STEEL 

— 

— 

— 

Yes 

Yes 

Yes*2* 

Yes131 

HIGH  TENSILE 
STEEL 

— 

— 

— 

Yes 

Yes 

Yest5) 

Yes'*' 

IRON/STEEL 

CASTINGS 

— 

— 

— 

Yes 

Yes 

Yesc?) 

Yesf3) 

ALUMINIUM 
&  ALLOYS 

— 

Optional 

Yes*4* 

Yeswl 

Yes*4* 

Yes14* 

Yesw 

Yes 

ZINC 

DIECASTING 

— 

Yes 

— 

Yes 

— 

- 

BRASS 

Optional 

— 

- 

Yes 

Yes 

Yes 

Yes 

-* 

COPPER 

Optional 

— 

— 

Yes 

Yes 

Yes 

Yes 

— 

BRONZE 

Optional 

— 

— 

Yes 

Yes 

Yes 

Yes 

— 

NICKEL 

SILVER 

Optional 

— 

— 

Yes 

Yes 

Yes 

Yes 

— 

ro 
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CHAPTER  5 


The  Electrolyte 


The  term  electrolyte  is  defined  as  the 
conducting  medium  for  most  electro¬ 
plating  processes.  The  most  common 
electrolyte  is  an  aqueous  solution  with 
water  soluble  chemicals.  When  a  cur¬ 
rent  is  allowed  to  flow  through  the  sol¬ 
ution  via  the  anode  and  cathode,  3 
deposition  of  metal  occurs  at  the 
cathode.  The  electrolytes  vary  in  p  H 
and  may  be  acidic  solutions,  neutral  and 
alkaline  solutions. 

The  electrolyte  must  contain  the  dis¬ 
solved  salt  of  the  metal  to  be  deposited. 
The  salts  dissolve  in  water  and  form 
ions.  For  example,  copper  sulphate  dis¬ 
solved  in  water  forms  Cii++  4-  SO~~r 
the  ions  of  Cu+  *  and  SO*  “■ 

Generally,  the  more  complex  the  ion, 
the  more  efficient,  and  a  much 
smoother  deposit  of  the  metal  occurs. 
Most  professional  electrolytes  are  of  the 
cyanide  ion,  which  is  complex*  as  dis¬ 
tinct  from  the  simple  ion  of  copper  sul¬ 
phate.  The  main  reason  why  cyanide 
electrolytes  are  commonly  used  is  that 
with  a  complex  ion,  the  actual  content  of 
the  metal  in  the  ion  is  relatively  low 
compared  to  a  simple  ion,  and  this  re¬ 
tards  the  formation  of  an  immersion  de¬ 
posit  when  the  cathode  is  placed  in  the 
electrolyte,  which  can  cause  problems 
with  adhesion. 


A  good  example  of  this  is  the  dipping 
of  a  piece  of  steel  in  acidic  copper  sul¬ 
phate,  which  results  in  an  immersion 
deposit  of  copper. 

For  a  complex  ion  of  copper  cyanide 
the  %  of  copper  present  in  the  solution 
is:-  [CufCNJJ  molecular  weight  - 
167,5,  Atomic  weight  of  copper  is  63,5. 
%  copper  63.5  x  100  -  38%  copper 

167.5  cyanide  in  electro¬ 

lyte  IS  gms/lttre 
Gives  S.7gms  of  copper. 

For  a  simple  ion  of  copper  sulphate 
the  %  of  copper  present  in  the  solution 
is>CuSO*  molecular  weight  =  159.5. 

%  copper  63.5  x  TOO  =  40%  copper 

159.5  sulphate  electrolyte 

200gmsilitre 
G/ves  80gms  of  copper. 

Coming  to  more  practical  terms  for 
electrolytes,  the  most  common  are  the 
ones  used  for  zinc  plating,  in  their  vari¬ 
ous  forms.  The  one  that  I  have  used,  and 
Is  considered  reasonably  safe  for  use  rn 
a  workshop  or  garage,  is  3  zinc  chloride 
bath, 

ZINC  CHLORIDE  8ATH 

This  Is  a  simple  electrolyte  to  use  and 
maintain  and  has  the  advantage  of  elec¬ 
troplating  on  difficult  metals,  such  as 
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F* of  zinc  and  passivate  and  semi  bright  nickel.  The  bolt  is  electroplated  with  zme. 
and  blue  passivated.  The  adaptor  is  electroplated  With  Serw -bright  nickel  from  (he  electrolytes 
described  in  this  chapter. 


cast  or  malleable  iron,  it  is  operated  at 
room  temperature,  therefore  no  heating 
costs  are  incurred,  and  the  deposits  are 
easily  treated  with  certain  chemicals  to 
give  a  coloured  finish  (passivate). 

The  formulation  of  the  electrolyte 
is:- 

Zinc  Chloride  3oz  per  gallon  20grms  per 
litre. 

Ammonium  Chloride  20o 2  per  gallon 
12Qgrms  per  litre. 

To  make  up  one  gallon  of  electrolyte 
add  six  pints  of  tap  water  10  the  plating 
tank,  then  add  the  20oz  of  ammonium 
chloride,  stirring  well  until  completely 
dissolved. 

In  another  container*  put  two  pints  of 
warm  tap  water,  and  add  3oz,  of  zinc 
chloride,  stirring  until  dissolved.  Pour 
the  two  pints  into  the  six  pints  already  in 
the  plating  lank  and  mix  wel J. 


The  solution  is  now  ready  for  use.  It  is 
advisable  to  mark  the  one  gallon  level, 
or  whatever  volume  you  use*  on  the  out 
side  of  the  tank  with  a  waterproof 
marker  pen,  so  that  as  the  level  of  the 
tank  falls  through  evaporation  or  drag 
out  itcan  be  topped  up  again. 

If  you  can  keep  a  I  id  on  the  tank  when 
not  in  use  this  will  minimise  evaporat¬ 
ing  and  prevent  dust  falling  into  she  sol¬ 
ution. 

Operating  Conditions 

The  tank  is  connected  up  to  ihe  power 
supply,  the  positive  connected  to  the  an¬ 
odes.  irt  this  case  pieces  of  zinc  4in.  x 
3in,,  or  perforated  zinc  sheet  6in,  x  6in. 
bought  from  your  local  ironmongers. 
Pre-clean  the  components,  and  im¬ 
merse  in  the  electrolyte.  Turn  the  cur¬ 
rent  on,  and  regulate  to  the  current  you 
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require  within  the  current  density  range 
forihe  electrolyte. 

For  this  electrolyte  the  plating  current 
should  be  between 

14.4  a.s.f.  to  28.8  a. s  b 
or  L64a/dmsto  3.1  a/dm3. 

The  electrolyte  is  operated  at  room 
temperature  1 5c),20DC. 

At  14.4  a.s.f.  the  zinc  deposited  will  be 
Q.0Q1  in,  or  28  microns,  at  a  plating  lime 
of  83  minutes. 

At  28.8  a  ,s.f.  a  deposit  of  0,001  in.  or  25 
microns  is  42  minutes. 

Using  the  lower  end  of  the  current 
density  range  for  electroplating  will 
give  a  finer,  more  even  deposit  of  zinc. 
The  faster  the  deposition,  the  more  un¬ 
even  and  coarse  the  deposit  becomes. 
Occasionally  it  may  be  necessary  to 
electroplate  a  component  of  small  area, 
such  as  a  small  washer  or  pin,  The  cur¬ 
rent  output  may  be  too  large  ai  the  low¬ 
est  range  of  the  supply.  In  this  case, 
hang  a  piece  of  steel  plate  or  two  pieces 
of  plate  (robbers!  each  side  of  the  com¬ 
ponent.  This  will  increase  the  surface 
area  to  correspond  with  the  electroplate 
ing  current,  and  thus  bring  if  into  the 
current  density  range.  The  robbers  will 
also  carry  out  a  second  function  by  re- 
moving  the  high  current  density,  giving 
a  more  even  and  smooth  appearance, 
Le,  prevent  "burning". 

The  p.H  of  the  electroplating  solution 

The  optimum  is  between  p.H  3  to  p.H  4, 
but  the  solution  performs  quite  well  up 
to  p.H  7,  Strip  papers  can  be  used  to 
check  the  p.H.  These  can  be  purchased 
from  chemical  supply  houses  and  large 
electroplating  equipment  suppliers. 
Always  keep  the  test  papers  well  sealed 
when  not  in  use.  To  use  the  papers  you 
will  see  that  they  are  numbered  1-14, 
universal  type,  and  that  between  the 
numbers  6  and  7  is  a  strip.  Immerse  the 


test  paper  in  the  electrolyte  for  a  couple 
of  seconds,  and  note  that  the  strip  be 
tween  6  and  7  changes  colour,  Match 
this  colour  to  one  of  the  numbered  col¬ 
ours  either  side  of  the  centre  strip,  and 
the  number  that  matches  rs  the  p.H  of 
the  solution.  The  p.H  can  also  be 
measured  by  one  of  a  number  of  p.H 
meters  and  portable  p.H  sticks'  avail¬ 
able  on  the  market,  These  vary  in  price, 
and  the  portable  p.H  sticks  are  reason¬ 
ably  priced  between  C40  and  £130. 

To  obtain  a  satisfactory  deposit  in 
most  electrolytes  it  is  necessary  to  'elec¬ 
troplate  the  electrolyte  in',  This  is  done 
by  hanging  a  piece  of  scrap  steel  in  the 
solution,  and,  using  a  current  within  the 
current  density  range,  leave  it  electro¬ 
plating  for  about  one  hour.  This  electro- 
lyses  the  solution,  and  takes  out  some 
of  the  impurities.  However,  to  take  out 
Impurities  as  a  specific  operation,  the 
electrolyte  is  plated  oul  at  a  very  low 
current.  This  induces  the  impuriiies  to 
deposit  out  first  on  the  scrap  piece,  then 
the  normal  metal  of  the  electrolyte  is  de¬ 
posited. 

ZINC  HYDROXIDE  BATH 

This  is  an  alkaline  zinc  electrolyte  made 
up  with  sodium  hydroxide.  This  chemi¬ 
cal  is  extremely  caustic,  and  care  must 
be  exercised  when  using  it-  Goggles, 
glpves  and  overalls  must  be  worn  when 
handling,  and  also  keep  away  from 
children  and  animals.  When  not  in  use  it 
is  kept  in  a  tightly  closed  plastic  or  glass 
jar,  because  it  takes  in  water  from  the  at¬ 
mosphere  and  decomposes  to  sodium 
carbonate  and  water. 

The  for  mu  tat  ion  of  the  electrolyte  is;- 
Zinc  Oxide  1-Qoz  per  gallon  Sgrms  per 
litre 

Sodium  Hydroxide  3.0oz  per  gallon 

55grms  per  litre 

Dextrin  1%  addition  by  weight. 
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To  make  up  the  solution  add  the 
weighed-out  amount  of  sodium  hydrox¬ 
ide  O.OoZ-l  to  six  pints  of  water  and  stir 
until  dissolved..  Next,  add  the  weighed- 
out  zinc  oxide  (1.002.1  and  stir  until 
dissolved.  The  last  to  be  added  is  the 
dextrin.  This  is  stirred  in  until  dissolved. 
The  volume  is  then  made  up  to  one  gal¬ 
lon  with  water,  and  the  electrolyte  is 
ready  for  use,  bub  as  mentioned  in  the 
previous  zinc  electrolyte,  it  must  be 
'plated  out"  before  it  is  usable.  For  this 
solution  the  plating  out'  requirements 
are  Q.Zamps  for  12  hours  with  a  piece  of 
steel  2m,  x  2in 

Operating  Conditions 

The  same  conditions  apply  as  for  the 
previous  zinc  chloride  electrolyte.  The 
electroplating  current  density  range  is 
between 

2  and  20  a.s.f.  or  0,2a  dm  '  to  2.0a  dm2, 
The  electrolyte  is  operated  at  room 
temperature  15  -  20  C, 

Being  alkaline  p.H  12  -  14,  the  control 
of  the  p.H  is  not  needed  with  this  sol 
ution. 

GENERAL  FAULTS  IN  ZINC 
ELECTROPLATING 

FAULT  The  deposit  is  rough  or  coarse  in 
texture,  and  may  bo  discoloured, 
REASON' Current  density  too  high, 
REMEDY  Reduce  the  cu  rrent  density. 

FAULT  Rough  deposits  can  also  be 
caused  by  suspended  matter  in  the  elec¬ 
trolyte. 

REMEDY  Filter  the  electrolyte  through  a 
filter  paper  or  fine  cloth. 

FAULT  Deposits  rough,  and  electroplat¬ 
ing  sluggish  (i.e.  lack  of  thickness). 
REASON  Low  conductivity  of  electro- 
lyte. 

REMEDY  To  No  1  zinc  electrolyte  add 


ammonium  chloride  to  the  solution  a? 
the  rate  2  to  4oz.  per  gallon.  For  No.2 
zinc  electrolyte  0,25oz,  of  zinc  oxide  and 
1  to  l.Boz.  of  sodium  hydroxide  per  gal¬ 
lon  of  solution. 

FAULT  Electrolyte  appears  to  be  a  rusty 
colour, 

REASON  Iron  from  the  components 
being  electroplated  is  dissolved  into  the 
solution, 

REMEDY  For  No.1  zinc  electrolyte  add 
50  millilitres  of  hydrogen  peroxide,  stir 
well,  and  leave  to  settle.  When  settled, 
carefully  decant  off  the  clear  solution. 

FAULT  The  deposit  is  patchy, 

REASON  The  pre-treatment  clean  is 
faulty* 

Strip  the  deposit  off  to  the 
metal  by  immersing  the  component  in 
30%  sulphuric  acid  or  15%  hydrochloric 
acid  until  all  the  zinc  is  removed.  Go 
back  through  the  pre-treatment,  and  re¬ 
plate. 

CARE  A  small  amount  of  hydrogen  gas 
is  given  off,  so  make  sure  the  area  js  well 
ventilated.  Using  sulphuric  or  hydro¬ 
chloric  acid,  goggles  and  gloves  must 
be  worn* 

COLOURING  ZINC  ELECTROPLATING 

Colouring  zinc  electroplating  is  usually 
called  passivating  the  zinc  surface.  As 
well  as  being  decorative  with  the  vari¬ 
ous  colours,  it  enhances  the  perform¬ 
ance  of  the  electrolyte  by  increasing  its 
anti-corrosive  properties. 

Zinc,  along  with  cadmium,  are 
classed  as  'sacrificial  coatings'  on  fer¬ 
rous  materials.  This  means  that  the  elec 
troptated  deposit  will  be  oxidised  to 
atmosphere  instead  of  the  component 
rusting  or  forming  iron  oxide,  but  over  a 
period  of  years  the  electroplated  de¬ 
posit  will  disappear  from  the  compo- 


nent.  To  reduce  the  active  deposit,,  a 
'passive'  layer,  usually  of  chromium 
ions,  is  applied.  This  reduces  the  ac¬ 
tivity,  hence  prolonging  the  life  of  the 
deposit  and  enhancing  the  anti¬ 
corrosive  properties. 

For  the  different  colourings  the  baths 
are  made  up  as  follows;- 

Black 

Make  up  Ammonium  Molybdate  4oz, 
per  gallon.  25grms  per  litre. 
Concentrated  Ammonia  (.880  5.G,}  6 
fluid  oz.  per  gallon.  37.&mls,  per  litre. 
Water  to  make  up  to  a  gallon  (or  litre). 

Leave  the  component  in  the  solution 
until  the  desired  shade  is  obtained.  For 
deep  blacks,  heat  the  solution,  but  note 
the  ammonia  will  fume  and  give  off  a 
strong  smell r  therefore  it  must  he  well 
ventilated  or  done  outdoors. 

In  both  cases,  when  the  correct  colour 
is  obtained,  rinse  in  cold  water,  then  in 
hot  water,  and  leave  to  harden  off  the 
layer.  Do  not  touch  the  coloured  surface 
until  hardened. 

Brown 

Make  Lap  Double  Nickel  Salts  Q.5oz.  per 
gallon  3grms  per  litre. 

Copper  Sulphate  0*5oz.  per  gallon 
3grms  per  litre. 

Potassium  Chiorafe  0.5oz.  per  gallon 
3 ga-ms  per  litre. 

Use  the  solution  at  60  C.  with  an  inter* 
mediate  wet  scratch-brushing  to  even 
out  the  colour.  Waging  off  improves  the 
coEour.  Note  Potassium  Chlorate  <s  a 
powerful  oxidising  agent,  and  the  pow¬ 
der  must  be  kept  in  a  well  stoppered 
container. 

Blue  Colour  {Passivate) 

Make  up  Sodium  Dichromate  G.8oz.  per 

gallon  Bgrms  per  litre. 
Concentrated  Nitric  Acid  3.2  fluid  oz.  per 


gallon  20m Is,  per  litre. 

Dissolve  the  sodium  dichromate  in 
one  litre  of  water,  then  add  the  nitric 
acid  carefully,  stirring  well  in  slowly. 
The  bath  is  operated  at  room  tempera' 
ture.  The  immersion  time  10  to  20 
seconds. 

Iridescent  Colour  (Passivate) 

Make  up  Sodium  Dichromate  IQoz.  per 
gallon  60grms  per  litre 
Concentrated  Sulphuric  Acid  0,5fluid 
oz,  per  gallon  3.0  mis.  per  litre 

Dissolve  the  sodium  dichromate  In 
the  volume  required,  then  add  the  con¬ 
centrated  sulphuric  acid  slowly  and 
carefully,  stirring  continuously.  The 
bath  is  operated  at  room  temperature 
The  immersion  time  is  8  to  10  seconds 
CARS  With  nitric  acid  and  sulphuric 
acid,  gloves,  goggles  and  overalls  must 
be  worn. 

The  last  two  formulations  are  pure 
passivate  coatings,  and  are  left  for  24 
hours  to  harden  off  before  further  use 
After  hardening  off  they  can  be  painted 
if  required.  This  combination  of  zinc, 
passivate  and  paint  offers  good  cor¬ 
rosion  resistance  for  ferrous  metals, 

NICKEL  ELECTROLYTES 

Nickel  offers  good  corrosion  resistance 
when  electroplated  on  both  ferrous  and 
non-ferrous  metals  such  as  copper  and 
alloys  of  copper.. 

The  mechanism  of  nickel,  copper  and 
tin  electroplating  is  that  the  deposits  are 
more  JnobleJ  than  steel,  and  steel  be 
comes  anodic  and  therefore  dissolves, 
Thus  it  is  important  to  have  good  pre- 
cleaning  and  to  avoid  pores  and  dis¬ 
continuities  on  the  electroplated 
surface. 

This  is  distinct  from  the  mechanism  of 
the  zinc  electroplate,  which  is  less  noble 
than  steel,  and  in  consequence  the  stee 
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becomes  cathodic  with  the  zinc  dissolv¬ 
ing  i,e.  sacrificial, 

A  good  all  round  nickel  electrolyte  is 
as  follows> 

Watt's  Nickel 

Nickel  Sulphate  38.5oz,per  gallon 

240grms  per  litre. 
Nickel  Chloride 7,2oz.per  gallon  45grms 

per  litre. 

Boric  Acid  4.8oz.per  gallon  3Ggrms  per 

litre. 

To  make  up  the  electrolyte,  warm  up 
three  quarters  of  the  volume  of  water, 
add  the  weighed  amount  of  nickel  sul¬ 
phate,  stir,  and  warm  until  dissolved. 
Then  add  the  weighed  amount  of  nickel 
chloride,  repeat  until  dissolved.  Finally, 
add  the  boric  acid,  which  will  take  time 
to  dissolve.  After  all  the  chemicals  are  in 
solution,  make  up  to  the  required  vol¬ 
ume  with  water. 

The  p.H  should  be  checked  by  what¬ 
ever  means,  papers  or  p,H  meter.  The 
p,H  should  be  3.5. 

It  rs  recommended  that  this  solution 
be  'plated  out1  at  a  low  current  with 
some  scrap  steel  plate  similar  to  the 
Wo,2  zinc  electrolyte.  This  will  remove 
the  dissolved  impurities  in  the  nickel 
salts. 

The  anodes  used  in  this  electrolyte 
are  4in,  x  4in,  slabs  of  pure  nickel .  These 
can  bo  obtained  from  electroplating 
supply  houses,  This  size  approximates 
to  the  anodes  used  on  Hull  Ceil  Appar¬ 
atus.  However,  for  a  large  set-up  bas¬ 
keted  nickel  shot  or  hooked  anodes  may 
be  used,  but  these  can  be  expensive. 

The  operating  temperature  for  this 
electrolyte  is  50  C  (130  F). 

The  healing  may  be  accomplished  by 
various  methods.  If  a  stainless  steel 
container  is  used,  a  gas  ring  Is  placed 
underneath.  If  the  container  is  Pyrex 
glass  Of  plastic,  then  an  aquarium  type 


electric  heater  is  used, 

The  current  density  range  is  from  10 
a.s.f.to  4Qa,s.f,  or  1.0a /dm 2  to 4.0a  dnr 
This  is  as  previously  mentioned.  The 
part  of  the  range  chosen  is  dependent 
on  the  shape  of  the  component  and  the 
texture  of  the  deposit  required.  The 
lower  the  current  density  the  finer  the 
deposit. 

This  electrolyte  will  cfeposii:- 
G-O0Q1in.{2.5microns)  at  10a. s.f.  in  IS 
minutes  or  Q-OOGl  in.(2,5microns)  at 
30e  s  f.  In  5  minutes. 

This  electrolyte  gives  a  good  dull  soft 
deposit  which  will  polish  up  to  a  high 
lustra.  Its  properties  are  not  greatly 
affected  by  a  wide  change  rn  p.H,  tem¬ 
perature  and  balance  of  chemical  com¬ 
position  in  the  bath. 

When  this  deposit  is  over-elect  m- 
plated  with  decorative  chrome  it  gives  a 
pleasing  dull  chrome  effect,  similar  to 
the  finish  on  micrometers  and  similar 
tools. 


Semi-Bright  Nickel  Electrolyte 

This  is  based  on  a  Watt's  Formulation 
with  the  addition  of  an  organic  brig hl- 
ener. 

Nickel  Sulphate  38. 5  oz.  per  gallon 

240grms  per  litre. 
Nickel  Chloride  7.2oz.per  gallon  45grms 

per  litre. 

Boric  Acsd  4.8oz.per  gallon  30grms  per 

litre. 

Saccharine  Q.32oz.per  gallon  2.0grms 

per  litre. 

The  electrolyte  is  made  up  as  for  the 
previous  nickel  electrolyte  (Watts),  bur 
with  the  addition  at  the  end  of  the 
weighed  amount  of  saccharine.  This  is 
constantly  stirred  when  warm,  until  dis¬ 
solved,  This  dissolution  may  take  some 
time  because  saccharine  is  not  very  sol¬ 
uble. 
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The  same  current  density  ranges  ap 
ply  for  this  as  for  the  previous  electro¬ 
lyte,  as  well  as  the  temperature  range. 

This  electrolyte  will  deposit:- 
Q.OOOhn,  ( 2.5  microns]  at  10  a.s  f.  in  13 
minutes  or 

0.0001  in,  12,5  micronsl  at  30  a.s.f.  in  3 
minutes. 

With  these  electrolytes  agitation  is 
recommended  either  by  stirring  or  com¬ 
pressed  air  bubbled  through  the  sol¬ 
ution. 

FAULTS  IN  NICKEL  ELECTROPLATING 

FAULT  Pitting  of  deposit. 

REASON  Acidity  of  solution  loo  high, 
nickel  content  low.  boric  acid  too  low. 
REMEDY  Adjust  p.H  to  between  3  and  5. 
Adjust  p.H  with  aqueous  solution  of  so¬ 
dium  hydroxide  until  between  the 
limits.  Add  3-oz.  per  gallon  of  nickel  sul¬ 
phate.  Add  Q.Boz.  per  gallon  of  boric 
acid. 

FAULT  Not  enough  coverage  of  the 
component. 

REASON  Electrolyte  temperature  too 
low,  or  low  current  density. 

REMEDY  Increase  electrolyte  tempera¬ 
ture  to  50*C-55  C.  Increase  current  den¬ 
sity. 

FAULT  Poor  adhesion  of  the  nickel  id 
the  component,  and  may  be  of  burnt  ap- 
pearance. 

REASON  Poor  pre-cleaning  of  the  com¬ 
ponent.  Too  high  p.H  (alkalinity).  Too 
high  current  density, 

REMEDY  Strip  off  the  nickel  plate,  dep- 
ending  whether  ferrous  or  non-ferrous, 
Go  through  the  pro-clean  and  re-plate. 
To  reduce  the  p.H  to  between  3  and  5, 
add  diluted  hydrochloric  or  sulphuric 
acid,  until  the  correct  p.H  range  is  ob¬ 
tained.  in  the  correction  of  acidity  or 
alkalinity  the  reagents  are  added  spar 


ingly,  and  constantly  stirred  and 
checked.  CARE  -  With  aqueous  sodium 
hydroxide  and  hydrochloric  and  sul¬ 
phuric  acids,  gloves  and  goggles  MUST 
be  worn. 

Nickel  deposits  from  both  electrolytes 
can  be  buffed  or  polished  to  a  good 
lustre.  It  must  be  remembered  that  an 
allowance  on  the  thickness  must  be 
made  for  polishing. 

COPPER  ELECTROLYTE 

The  most  used  electrolytes  of  copper 
are  the  cyanide  copper  and  the  acid 
copper. 

The  main  distinction  between  the  two 
electrolytes  is  that  the  cyanide  copper 
can  be  used  to  deposit  copper  on  both 
ferrous  and  non-ferrous  metals.  The 
add  copper  can  only  be  used  to  deposit 
copper  on  non-ferrous  metals.  For  the 
amateur  in  the  home,  the  use  of  cyanide 
is  a  considerable  hazard,  and  with  the 
difficulty  of  obtaining  this  chemical  I 
have  not  included  any  processes  in  the 
text.  However,  a  method  can  be  used  to 
finally  deposit  copper  on  a  ferrous  ma¬ 
terial,  which  will  be  described, 

A  good  general  copper  electrolyte 
which  can  be  buffed  and  polished:- 
Coppe*  Sulphate  crystals  320/ .  per  gal 
Ion  20Ogrm$  per  litre. 

Concentrated  Sulphuric  acid  4.50fl.oz 
per  gallon  30m  Is  per  litre 

To  make  up  the  electrolyte  warm  up 
three  quarters  of  the  volume  of  water 
and  add  the  weighed  amount  of  copper 
sulphate  crystals,  and  stir  constantly 
until  dissolved.  To  the  cooled  copper 
sulphate  solution  add  very  slowly  drop 
wise  the  concentrated  sulphuric  acid 
previously  measured.  Stir  well  until 
mixed  well  into  the  solution.  Next,  top 
up  with  water  to  the  required  volume, 
and  the  electrolyte  is  ready  for  use.  The 
current  density  is  4,a.s,f.  lo  30  a.s.f. 
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0.4a/dm2  to  3.0a/  dm*. 

This  electrolyte  will  deposit:- 

0,0001  in.  (2.5  microns!  at  IQs  s,f.  in  12 

minutes. 

0,0001  in.  {2.5  microns)  at  20a, s.f.  in  G 
minutes. 

Agitation  is  recommended  at  the  top 
end  of  the  current  density  rang®.  Pure 
copper  may  be  used  for  the  anodes.  At 
high  current  densities  there  is  a  risk  of 
the  anodes  polarising,  with  a  reduction 
in  the  current.  The  recommended  an¬ 
odes  for  acid  copper  electrolytes  are  the 
phosphorised  type.  These  are  purified 
copper  using  a  process  of  removing  the 
impurities  of  oxygen  with  phosphoric 
acid  in  the  anode  making  stage. 

The  electrolyte  is  operated  at  a  tem¬ 
perature  of  30  C  (86  FL  For  thin  deposits 
of  copper  it  can  be  used  at  room  tem¬ 
perature,  The  higher  temperature  of 
3C7C  gives  a  smoother  deposit  of 
copper. 

Semi ‘Bright  Copper  Electrolyte 
Make  up:- 

Copper  Sulphate  32oz,  per  gallon 

20Ggrms  per  litre, 
Concentrated  Sulphuric  Acid  1 ,4oz,  per 

gallon  27  mis  per  litre. 
Thiourea  pinch  O.G05grms  per  litre. 
Wetting  Agent  CTeepoi }  one  drop  1ml 

per  litre. 

The  electrolyte  is  made  up  the  some 
as  the  dull  acid  copper,  but  with  lower 
concentration  of  sulphuric  acid.  Before 
the  bath  is  made  up  to  its  fine!  volume, 
the  thiourea  and  wetting  agent  are 
added,  After  making  up  to  the  final  vol¬ 
ume  the  electrolyte  is  ready  for  use.  N .  B. 
the  thiou rea  at  0.005  grms.  can  be  regar¬ 
ded  as  a  'pinch'. 

The  electrolyte  should  be  operated  at 
23CC  {74,:F|  for  the  best  results.  At  lower 
temperature  the  copper  deposit  is  less 
bright,  The  electrolyte  will  deposih- 


0.0001  in,  (2.5microns)  at  TOa.s.f.  in  12 
minutes.  0.0001  in.  (2.5microns)  at 
20a. s.f.  in  7  minutes. 

Agitation  is  recommended  either  by 
stirring,  or  bubbling  compressed  air 
through  the  solution, 

The  same  anodes  are  used  as  in  the 
dull  acid  copper  electrolyte. 

For  depositing  copper  from  these 
electrolytes  on  copper  and  its  alloys, 
and  on  zinc  diecastings,  the  pre- 
cleaning  treatment  as  given  in  the  chap¬ 
ter  on  cleaning  1$  used,  and  then  the 
copper  deposited  on  the  surface. 

For  ferrous  metels,  steel  etc,,  a  differ 
ent  procedure  applies.  After  pre-clean¬ 
ing  the  component,  it  is  electroplated  in 
either  of  the  nickel  electrolytes,  usually 
at  medium  current  density,  until  a  -flash’ 
of  nickel  is  deposited  -  0.OOOO5in,  The 
component  is  removed,  quickly  rinsed, 
and  while  still  wet  is  immersed  in  either 
acid  copper  electrolyte,  and  copper  de¬ 
posited. 

The  reason  for  this  is  that  copper  de¬ 
posited  from  an  acid  electrolyte  will  coi 
rode  the  steel  of  iron  surface.  If  nickel  is 
deposited  prior  to  the  topper  electro¬ 
plating,  no  corrosion  takes  place. 

Both  these  electrolytes  will  deposit  a 
thick  layer  of  pink  coloured  copper  that 
can  be  polished  or  buffed  lo  a  high 
lustre. 

FAULTS  WITH  COPPER 
ELECTROPLATING 

FAULT  Coarse,  burnt  appearance  of  the 
copper  deposit. 

REASON  Too  high  current  density. 
Temperature  of  bath  too  low, 

REMEDY  Reduce  the  current  density.  In¬ 
crease  the  temperature  of  the  solution 
to  that  recommended  for  the  electro¬ 
lyte.  This  fault  may  be  a  combination  of 
the  two  reasons,  so  with  a  small  re¬ 
duction  in  current  density,  and  increase 
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in  temperature,  the  deposit  of  copper 
will  be  satisfactory, 

FAULT  Fall  in  current,  and  rise  in  volt¬ 
age,  and  a  black  film  formed  on  the  an¬ 
odes, 

REASON  Lack  of  sulphuric  acid  in  the 
solution. 

REMEDY  Add  dilute  sulphuric  acid  in 
small  amounts  until  the  anode  loses  its 
black  film. 

FAULT  Poor  coverage  of  the  compo¬ 

nent 

REASON  Poor  pre-cleaning  or  lack  of 
sulphuric  acid. 

REMEDY  Strip  the  copper,  go  back 
through  the  cycle  of  pre-cleaning  and 
re-plate.  Add  a  small  amount  of  dilute 
sulphuric  acid,  ff  the  fault  is  caused  by  a 
combination  of  the  two  reasons,  then 
add  the  sulphuric  acid  first. 

FAULT  Nodular  or  spiky  deposit, 
REASON  Dirty  electrolyte  with  un¬ 
dissolved  particles. 

REMEDY  Filter  through  a  filter  paper  or 
fine  cloth, 

TIN  ELECTROLYTES 

Tin  deposited  from  tin  electrolytes  is 
used  for  preventing  corrosion  on  both 
non-ferrous  and  ferrous  metals,  and  rs 
also  used  to  facilitaie  the  soldering  of 
components.  In  some  cases  it  is  used  as 
a  decorative  finish. 

The  potassium  stannate  electrolyte 
produces  a  deposit  of  tin  that  is  colou¬ 
red  light  grey,  matt  in  appearance,  but 
can  be  buffed  to  a  silvery  finish.  This  isa 
good  all  round  electrolyte  for  use  as  an 
anti-corrosion  finish  on  steel,  or  for  use 
on  both  steel  and  brass  for  soldering 
purposes.  The  make  up  is  as  follows:- 

Potassium  Stannate  Electrolyte 

Potassium  Stannate  15oz.  per  gallon  95 
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grms.  per  litre. 
Potassium  Hydroxide  2ot.  per  gallon  1 2 

grms.  per  litre, 

To  make  up  the  electrolyte  three  quar¬ 
ters  of  the  volume  of  distilled  or  de¬ 
ionised  water  is  warmed  up  in  the  bath. 
The  weighed  amount  of  potassium 
sign nate  is  added  to  the  warm  water, 
and  stirred  continuously  until  dis¬ 
solved,  Next,  the  weighed  amount  of 
potassium  hydroxide  is  added,  and 
stirred  until  dissolved.  CARE-  with  pot¬ 
assium  hydroxide  (a  strong  alkali) 
gloves,  goggles  and  overalls  must  be 
worn. 

After  the  chemicals  are  dissolved,  the 
electrolyte  is  made  up  to  the  final  vol¬ 
ume  with  distilled  or  de-ionised  water, 
The  electrolyte  is  now  ready  for  use,  but 
it  is  recommended  that  some  scrap 
pieces  of  steel  or  copper  are  wired  up 
and  connected  up  to  the  cathode,  and 
the  electrolyte  'plated  in'  at  medium  cur¬ 
rent  density  for  about  one  to  two  hours. 

The  anodes  used  in  this  process  are 
pure  tin  anodes,  usually  in  the  form  of 
slabsthat  can  bacut  to  the  required  size. 

The  electrolyte  is  operated  at  a  tem¬ 
perature  between  603C  and  80JC.,  (1 40  ‘F 
and  1 7(x  F>„  No  agitation  is  required. 

The  electrolyte  will  deposit;-  0.0001  in, 
|2.5microns}  at  10a, s  f.  in  10  minutes. 
0,0001  in.  (2. 5m  I  crons)  at  20a. s,f.  in  6 
minutes. 

The  current  density  is  between 
lOa.s.f.  and  40a  s.f.  11,0a  dm ^  and  4.0a/ 

dma). 

The  p.H  of  the  solution  is  highly  alka¬ 
line,  and  stays  alkaline.  When  operating 
this  solution  it  must  be  remembered 
that  it  is  best  that  before  electroplating, 
a  piece  of  scrap  material  (steel),  is  con¬ 
nected  to  the  cathode  bar  in  the  electro¬ 
lyte.  The  electrical  supply  is  switched 
onr  and  the  anodes  are  placed  in  the 
electrolyte,  and  connected  to  the  anode 
bar.  The  scrap  piece  should  start  being 


electroplated  immediately,  At  ihe  same 
time  as  the  scrap  piece  is  electroplating, 
wire  or  hook  the  components  to  be  elec¬ 
troplated  to  the  cathode  bar.  This  is  car¬ 
ried  out  with  the  current  -switched  on, 
Th  is  procedure  produces  an  iridescent 
gold  coloured  Film  on  the  anodes,  which 
is  part  of  the  mechanism  of  the  electro¬ 
plating  process,  Moderate  current  den¬ 
sity  is  used  on  the  scrap  piece, 

FAULTS  WITH  ST  ANNATE  TIN 
ELECTROPLATING 

FAULT  Electrolyte  works  sluggishly^ 
and  the  anodes  are  a  grey  colour. 
REASON  Initial  current  density  too  low 
to  form  the  correct  film.  Free  potassium 
hydroxide  too  low. 

REMEDY  Remove  anodes  one  at  a  time, 
and  replace  them  in  the  electrolyte. 
Sometimes  a  slight  increase  in  the  cur¬ 
rent  density  is  beneficial.  Add  0,5oz.  per 
gallon  of  potassium  hydroxide. 


FAULT  The  solution  turns  a  slightly  pink 
colour,  with  a  spongy  tin  deposit. 

REASON  A  buifd  up  of  potassium 
stannite  in  the  solution. 

REMEDY  Add  a  small  amount  of  hydro 
gen  peroxide  dropwise,  and  stir  until 
the  pink  colour  disappears.  Strip  the  tin 
deposit,  pre-clean,  end  re-plate  after 
adding  the  hydrogen  peroxide. 


FAULT  Anodes  covered  in  a  black  film, 
and  current  drops  off. 

REASON  The  anodes  have  become 
polarised,  and  become  covered  in  tin 
oxide,  usually  brought  about  by  too 
high  current  density, 

REMEDY  Reduce  current  density.  Re 
move  anodes  one  al  a  time,  and  scour 
the  anodes  with  a  stiff  brush  until  the 
film  is  removed.  Replace,  until  all  the 
anodes  have  been  scoured. 
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CHAPTER  6 


Electroforming  and  Electro¬ 
plating  on  IMon-conductors 


ELECTROFORMING 

Electroforming  is  a  process  of  electro¬ 
plating  that  is  used  in  the  manufacture 
of  intricate  components  that  are  difficult 
to  fabricate  or  machine.  It  is  an  ideal 
method  for  malting  components  to  tight 
toJerances  and  dimensions. 

The  thickness  of  metal  deposited  is 
considerably  more  than  conventional 
electroplating  (anything  from  0,0l2in. 
to  O.OSQinf. 


The  most  common  metals  deposited 
in  electroforming  are  copper  and  nickel 

However,  the  most  essential  part  of 
the  process,  and  sometimes  the  most 
expensive,  is  the  mandrel,  which  is  the 
shaped  material  the  metal  r$  deposited 
on. 

Mandrels  can  be  divided  into  two  cat¬ 
egories. 

a).  Disposable  Mandrels. 

These  are  a  type  of  mandrel  that 


Art  example  of  a  disposable  mandrel  made  from  /cjw  melting  point  alloy.  Not  she  inserts 
moulded  in  for  affixing  Perspex  windows  and  connecting  the  cathode  Par, 
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A  mould  made  from  a  medal  by  eSeetroforming,  set  J'n  3  backing  die  allowing  it  to  be  used 
for  making  a  quantity  of  mouldings  tn  various  moulding  rrTarerjfals 


cannot  be  extracted  by  pul  ling  out  of  the 
electroform,  due  to  being  either  a  bend, 
or  having  smaller  dimensions  at  the 
ends. 

The  material  used  can  be  Perspex, 
low  melting  alloys,  ICerrobend,  Cerro- 
casth  and  some  grades  of  wax.  All  these 
materials  can  be  melted  or  dissolved  in 
solvents.  The  essential  piece  of  equip¬ 
ment  for  this  mandrel  is  a  mould  to  cast 
in.  However,  with  Perspex  this  is  usually 
machined  to  shape,  and  not  moulded 
bl  Permanent  Mandrels. 

These  are  usually  made  of  stainless 
steel  or  nickel  electroplated  steel 
Sometimes  certain  plastics  are  used. 


These  mandrels  are  extractable  by  pull¬ 
ing  on  a  press. 

Other  forms  of  electroforming  are 
quite  useful,  such  as  building  up  worn 
shafts,  or  shafts  that  have  been  mach¬ 
ined  down  too  far. 

Small  moulds  can  be  made  for  vari¬ 
ous  other  processes,  by  making  a  rep 
I  tea,  electroforming,  removing  the 
replica  and  setting  the  electroform  in  a 
backing  die.  This  mould  can  be  used  for 
making  a  quantity  of  components.  From 
a  mould  like  this  items  can  be  made  and 
used  on,  for  example,  model  boats. 

The  two  electrolytes  used  In  electro- 
forming  are  copper  and  nickel 
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The  copper  electrolyte  is  the  dull 
copper  listed  in  the  chapter  on  electro 
lytes. 

Copper  Electroforming  Electrolyte 

Make  up:- 

Copper  Sulphate  Crystals  320z.per  gal¬ 
lon  200grms  per  litre. 
Concentrated  Sulphuric  Acid  4.5fl,oz 
per  gallon  30m! s  per  litre. 
A  small  amount  of  phenol  dissolved 
up  in  water  can  be  added.  This  gives 
gram-refining  properties  to  the  electro¬ 
lyte,  The  current  density  is  between 
lOa-s.f.  -20a.s.f,  1.0a  dny  -  2,0a.'dmJ, 
The  operating  temperature  is  30_C. 
(SB  F) 

For  nickel  the  Dull  Watt's  electrolyte 
can  be  used,  but  a  good  electroforming 
electrolyte  is  one  formulated  as 
follows: - 


Nickel  Electroforming  Electrolyte 

Make  op:- 

Nickel  Sulpha  mate  72  gz.  per  gallon 

450grms  per  litre. 
Boric  Add  Soz.per  gallon  30  grms  per 

litre. 

The  same  tank  can  be  used  as  for  the 
dull  nickel  and  made  up  the  same,  with 
the  nickel  sulphamate  dissolved  first, 
then  the  boric  acid  added  and  dissolved 
and  made  up  to  the  final  volume. 

The  p.H  is  4.0.  To  reduce  p.H  add  sul- 
phamie  acid.  To  increase  p.H  add  am¬ 
monia  Q.880SG.  However,  being  stable, 
it  usually  stays  at  about  p,H  4,0, 

The  solution  is  operated  at  45  C-  50'C 
(113  F  -  120-F),  with  agitation  if  poss¬ 
ible,  depending  on  the  thickness  re¬ 
quired. 

The  current  density  is  between 
10a. s.i  -SOa.s.f.  1,0a:dmz-5-0  a  dm2. 


Fig  13 
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If  low  melting  alloys  are  used,  the  pre¬ 
treatment  is  a  light  clean  with  scouring 
powder  or  Scotchbrite,  then  a  dip  in  the 
alkaline  cleaner  and  electrolytic;  cleaner 
but  the  electrolytic  cleaner  is  optional. 
The  mandrel  rig  Is  rinsed  in  water  and 
immersed  in  the  particular  electrolyte, 
and  grown  to  the  required  thickness. 

If  Perspex  is  used,  this  is  made  con¬ 
ductive  with  either  a  layer  of  aqueous 
graphite,  or.  preferably,  silver- loaded 
conductive  paint,  which  is  painted  on 
the  surface  of  the  Perspex,  making  sure 
the  contact  for  the  hanging  bar  is  well 

An  example  ot  an  electro-forming  mandrel  with  Perspex  window  and  cathode  bar  connected 
and  waxed,  \ sop  left).  Top  right  is  a  watch-glass  with  conducting  stiver  paint.  ilMote  the 
connect ing  bar  of  silver  paint  on  the  side).  The  bottom  half  of  the  photograph  shows  the 
eicctroformed  shapes,  in  this  case,  a  bow)  and  lid  electro- formed  in  silver. 
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A  simple  example  of  electroformi  ng  is 
a  funnel  shaped  component.  See  fig¬ 
ures  13  and  14. 

Figure  14  is  the  assembly  for  electro¬ 
forming  the  shape.  The  mandrel  is 
made  with  inserts  (screwed),  if 
moulded,  from  low  melting  point  alloys. 
If  made  from  Perspex,  the  holes  are 
drilled  and  tapped. 

Perspex  windows  are  affixed  at  each 
end,  the  hanger  attached,  and  the  areas 
that  are  conducting  are  'stopped  off 
with  molten  'Clamca'  wax,  or  similar 
material. 


4n  example  of  electroplating  on  aluminium  to  facilitate  soldering.  This  utilises  zincate  solu¬ 
tion  followed  toy  a  layer  pi  an,  with  tinned  copper  tube  soldered  on  to  the  final  tin  layer  on 
the  aluminium. 


painted.  The  conductive  surface  is  el- 
towed  to  dry,  and  is  immersed  in  the 
particular  electrolyte,  and  grown  to  the 
required  thickness. 

If  nickel-plated  sleet  or  stainless  steel 
mandrels  are  used,  he,  permanent  man¬ 
drels,  the  same  procedure  for  cleaning 
as  for  low  melting  point  alloy  mandrels 
is  followed,  and  growing  is  the  same, 

After  growing,  the  wax  and  windows 
are  removed,  and  depending  on  what 
the  mandrel  is  made  of,  it  Is  extracted  by 
the  following  processes. 

Low  melting  alloy.  This  is  malted,  either 
in  an  oven,  or  hot  oil  until  the  alloy  flows 
out. 

Perspex.  The  mandrel  Is  immersed  in  a 
solvent  such  as  warm  Genktene  until 


dissolved  up.  It  may  also  be  extracted  by 
holding  the  electroform  and  pulling  out 
the  Perspex  mandrel. 

Nickel-pfated  steel  or  stainless  steel. 
This  is  extracted  the  same  as  Perspex, 
pulling  from  the  wide  end. 

Points  to  remember  on  electroforming 
■Ilf  If  a  large  quantity  of  etectrofarms 
are  required,  stainless  steel  man¬ 
drels  are  more  economical 

(2)  With  permanent  mandrels  {ex¬ 
tractable},  these  can  only  be  used 
on  elect  reforms  that  have  shapes 
that  can  make  them  extractable. 

(3)  A  smalt  draught  angle  should  be 
included  on  permanent  mandrels 
to  aid  extraction. 
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ELECTROPLATING  NON¬ 
CONDUCTORS 

Included  in  this  section  is  the  electro¬ 
plating  of  aluminium.  This  is  not  strictly 
a  non  electrical  conductor,  but  never¬ 
theless  it  will  not  electroplate  like  con¬ 
ventional  metals. 

After  going  through  the  listed  pre- 
cleaning  cycle  for  aluminium,  as  in 
chapter  four,  jincate  solution  is  re¬ 
quired,  This  is  made  up  as  follows:- 


Zincate  Solution 
Make  up;- 

Sodium  Hydroxide  7Qqz  per  gallon  440 

grrns,  per  litre, 
Zinc  Oxide  13o*.  per  gallon  EP  grms  per 

litre, 

The  solution  is  made  up  in  half  the 
vol  ume  of  water,  adding  the  sodium  hy¬ 
droxide  slowly,  and  stirring  continu¬ 
ously.  After  dissolving  the  sodium 
hydroxide,  and  while  still  warm,  add  the 


A  moulded  Arafdite  resin  fi¬ 
gure, ,  sensitised  with  silver 
loaded  pamr  and  electrop¬ 
lated. 
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sine  oxide,  stirring  until  dissolved  Make 
up  to  the  linal  volume  and  allow  to  coal 
The  solution  is  then  ready  for  use. 

Ideal  containers  are  Fyrex,  glass  or 
plastic.  The  solution  is  used  at  room 
temperature. 

To  improve  the  deposit,  that  is  to 
make  a  more  even  deposit,  a  small 
amount  of  ferric  chloride  crystals  <a 
large  pinch,  approximately  0.5grms  per 
litre)  and  5  grms  of  Rochelle  salt  are 
added.  However,  the  author  has  found 
the  original  formula  satisfactory  for 
most  finishes  on  aluminium. 

The  immersion  time  is  between  ten 
and  thirty  seconds.  After  rinsing  in 
water  the  aluminium  should  have  a  grey 
appearance. 

While  still  wet  from  the  rinse,  im¬ 
merse  in  either  of  the  nickel  electrolytes 
to  deposit  approximately  0,0002in  - 
Q.QQGSErt.,  remove,  and  rinse,  and  trans- 
fer  to  any  other  electrolyte  you  would 
like  as  the  finish. 

This  is  a  useful  aid  to  soldering  on  alu 
minium,  either  all  over  or  selectively, 
with  the  aid  of  masking.  The  process  is 
as  mentioned,  but  after  depositing 
nickel,  the  final  finish  is  a  deposition  of 
tin  O.OClOSin.  approximately.  This  finish 
rs  ideal  for  applying  solder, 

Non-conductors  are  usually  classed 
as  plastics  and  ceramics,  but  these  can 
be  electroplated  when  they  have  been 
made  electrically  conductive. 

In  industry  the  classic  of  electroplat¬ 
ing  non-conductors  is  the  process  rn  the 
electronics  industry  of  'plating  through 


hole'  on  printed  circuits.  Briefly,  this  is 
when  the  copper  clad  plastic  is  drilled. 
The  holes  through  the  middle  have  plas¬ 
tic  faces.  This  has  to  be  sensitised  with 
various  chemicals,  such  as  stannous 
chloride,  then  palladium  chloride,  to 
make  the  surface  conducive  to  a  layer  of 
copper  from  an  electroless  copper  sol¬ 
ution.  After  rinsing,  the  layer  of  copper 
is  built  up  in  the  holes  with  high  throw 
electrolytic  copper,  followed  by  a  tin 
lead  electroplate, 

A  simpler  method  for  electroplating 
on  non-conductors  was  mentioned  in 
the  electroforming  section,  namely  aqu¬ 
eous  graphite  and  silver-loaded  paint. 

Silver-loaded  paint  can  be  purchased 
from  paint  or  chemical  supply  houses, 
and  comes  in  qurte  a  few  formulations. 
Some  can  be  painted  on  and  air  dried. 
Some  can  be  fired,  or  even  be  put  on 
with  a  silk  screen  process. 

For  ceramics,  the  fired-on  variety  is 
useful.  After  firing,  the  surface  can 
either  be  electrolytic  plated,  provided 
there  is  a  contact  for  the  current,  or  elec¬ 
troless  plated  with  nickel,  copper,  gold 
or  even  tin. 

An  idea  for  making  decorative 
jewellery  is  to  dry  leaves  from  trees  or 
use  clean  seashetls,  paint  with  silver- 
loaded  paint,  air  dry,  and!  bright  copper 
electroplate  to  O.QOlin. 

Also  moulded  epoxy  figures  or  busts 
can  be  made  in  a  similar  way  and  this  is 
an  inexpensive  means  of  making 
ornaments. 
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CHAPTER  7 


Electroless  Electroplating 


The  reason  for  the  title  of  this  chapter  is 
that  the  deposition  of  metals  can  be  car¬ 
ried  out  without  using  an  electrical 
current.  No  electrical  equipment  is  in 
volved  in  the  actual  electro-deposition. 
It  is  sometimes  referred  to  as  chemical 
plating,  because  the  chemicals  in  the 
formulation  effect  the  metallic  depo¬ 
sition,  The  main  constituents  of  the 
solutions  are  an  aqueous  solution  of  the 
chemical  containing  the  metal  to  be  de¬ 
posited.  and  an  aqueous  solution  con¬ 
taining  a  chemical  reducing  agent. 
These  can  be  mixed  together  to  form  the 
plating  solution,  but  before  any  depo¬ 
sition  takes  place,  a  catalyst  must  be 
present.  In  this  process  the  component 
is  the  catalyst*  No  anodes  are  used-  It  is 
merely  a  tank  containing  the  electroless 
solution,  with  or  without  agitation,  set 
to  the  correct  temperature  with  the 
component  immersed  in  the  solution, 
The  most  popular  and  useful  electro¬ 
less  solution  is  for  depositing  nickel. 
Usually  this  is  deposited  as  an  alloy  of 
nickel  and  phosphorus,  approximately 
12%  phosphorus.. 

ELECTROLESS  NICKEL 
Make  up:- 

Nickel  Ohio  rids  Crystals.  5  oz.  per  gallon 

30 grms  per  litre. 


Sodium  HypophospAife  1.5  -  I.Soz  per 
gallon  IQgrms  per  litre. 
Sodium  Acetate  Crystals  So t,  per  gallon 

50  grms  per  litre. 

The  sodium  hypophosphite  is  the  re¬ 
ducing  agent  in  the  solution,  The  best 
method  for  using  this  solution  is  to 
make  up  a  sol  ution  of  the  nickel  chloride 
and  keep  in  one  glass  bottle,  and  make 
up  a  solution  of  the  sodium  hypo- 
phosphite  and  sodium  hydroxyacetate 
together,  and  keep  in  another  glass 
bottle.  These  can  be  stock  solutions. 
When  required,  enough  volume  is 
mixed  to  plate  the  component.  The  ideal 
container  to  plate  with  this  solution  is  a 
heat  resistant  glass  beaker,  heated  by  a 
Sun$en  burner,  gas  ring  or  electric  hot 
plate. 

The  operating  temperature  f Of  this 
solution  is  883C  -  94  C  1185T  -  2QG”R 

Some  agitation  is  required,  but  an  oc¬ 
casional  shake  of  the  wired  component 
will  release  the  bubbles  of  hydrogen 
that  collect  on  the  component  as  a  prod¬ 
uct  of  the  reduction  process, 

Tbe  deposition  rate  for  the  solution  at 
88aC{l85’F)  is:- 

0.00061 n.  (15  microns)  m  sixty  minutes. 

However,  to  maintain  this  rate  of  de¬ 
position,  small  additions  of  the  stock 
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solutions  of  nickel  chloride  and  the  so¬ 
dium  hypophosphite  with  sodium 
hydroxya  estate  have  to  be  added  at  in¬ 
tervals,  to  keep  the  balance  of  the 
solution  while  plating.  p.H  should  be 
maintained  between  4.0  and  6.0  by 
additions  of  aqueous  sodium  hyrexide, 
Because  there  is  no  electrolyte  action, 
i.e.  anode  with  outside  electrical  supply, 
there  is  no  problem  with  'throw',  mas¬ 
king  or  high  and  low  current  density 
areas  on  the  components.  The  deposit 
of  nickel  alloy  is  of  even  thickness  all 
over  the  component.  This  process  is 
useful  for  nickel  alloy  plating  down  nar- 
row  holes,  orifices  or  tubes. 


Ferrous  metals  can  be  plated  in  this 
solution  after  the  pre-clean  listed  in 
chapter  four  Copper  and  its  alloys  can 
also  be  plated,  but,  being  non-catalytic, 
need  to  be  touched  with  iron  or  alu¬ 
minium  wire  to  start  the  plating  oper¬ 
ation.  Aluminium  can  be  plated  direct 
with  this  solution,  no  zmeate  dip  being 
needed. 

The  metallurgical  properties  of  the 
plating  are  interesting.  As  plated  it  has  a 
hardness  of  500  V.P.N.  By  heat  treating 
up  to  4QG!'C  the  hardness  can  be  in¬ 
creased  to  900  V.P.N,  The  appearance  of 
the  deposit  can  vary  from  dull  to  semi- 
bright  metal. 


Art  example  of  mild  stec<  components,  electro less  nickel  plated.  This  deposit  will  give  an 
even  thickness  over  at!  the  surface  of  the  component,  however  complicated  the  shape 
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The  electroplating  supply  houses  Of¬ 
fer  an  excellent  range  of  electroless 
nickels. 

TIN  ELECTROLESS  PLATING 

The  following  two  formulae  are  useful 
for  putting  a  thi  n  layer  of  tin  over  ferrous 
metal  and  copper  and  its  alloys. 

Depositing  tin  or  copper  by  this 
method  makes  it  useful  for  soldering, 
especially  on  printed  circuits,  where 
there  is  no  common  connection  for  elec¬ 
trolytic  tin  electroplating. 

For  depositing  on  copper  and  its  alloys 
Electroless  Tin 

Make  up:- 

Stannous  Chloride  1,6o?  per  gallon 

IDgrms  per  litre. 
Thiourea  13,60*  per  gallon  SBgrms  per 

litre. 

Concentrated  Hydrochloric  Acid  2.3fl  .o2 
per  gallon  15m Is.  per  litre. 
LVaferto  make  up  the  volume, 

The  solution  is  used  at  a  temperature 
of5(rC(122GFL 

The  usual  i mmersion  time  is  five  min¬ 
utes.  Note:  this  formula  is  patented. 

For  a  quick  pre-clean  on  printed  cir¬ 
cuits,  give  a  light  rubbing  with  a  slurry 
of  scouring  powder,  rinse,  and  immerse 
in  the  solution. 


For  immersion  coating  tin  on  steel, 
the  following  solution  ts  used. 

For  depositing  on  iron  and  steel 
Electroless  tin  for  lion  end  steel 

Make  up> 

Sfannous  Sulphate  0.24o*  per  gallon 

I.Sgrms  per  litre. 
Concentrated  Sulphuric  Acid  O..14fl,oz 
per  gallon  4mls  per  litre. 
Wafer  to  make  up  the  volume. 

Use  the  pre-clean  for  steel  as  set  out  in 
chapter  four,  then  immerse  in  the  tin 
solution  at  a  temperature  of  32:'C 
(180*fb 

The  time  of  immersion  will  vary  with 
the  surface  condition  of  the  material. 
This  could  be  between  one  and  ten 
minutes, 

Containers  for  immersion  tin  plating 
are  heat-resistant  glass,  or  plastic  con¬ 
tainers,  usually  polythene  or  propylene. 
For  these  containers  the  aquaria  heaters 
can  be  used. 

The  thickness  of  deposit  from  electro¬ 
less  tin  solution  is  thin, 

CARE  with  the  acids  used  -  gloves, 
goggles  and  overalls  must  be  worn. 

The  electroless  tin  solution  For  copper 
being  rather  solid,  when  heating  from 
cold  some  'bumping'  wilt  take  place,  un¬ 
til  i he  solid  chemicals  are  dissolved. 
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CHAPTER  8 


An  Example  and  the 
Consideration  of 
Electroplating 


All  the  chapters  dealt  with  so  far  have 
been  set  down  in  a  kind  of  logical 
quence  of  the  processes  of  electroplat¬ 
ing,  Sor  assuming  the  average  reader  is 
starting  or  a  smalt  scale,  and  may  be  a 
model  engineer,  he  or  she  wants  to  elec¬ 
troplate  a  batch  of  small  components. 

Taking  the  hub  caps  of  a  small  trac¬ 
tion  engine  as  an  example:-  The 
components  have  the  shape  and  dimen¬ 
sions  set  out  in  Fig,  1 5. 

The  components  have  been  mach¬ 
ined  to  a  good  surface  finish,  and  are 
ready  for  electroplating,  after  being 
stored  in  a  dry  area.  In  other  words, 
there  is  no  heavy  surface  rust. 


The  next  part  of  the  operation  is  to  cal¬ 
culate  the  surface  area  of  the  com¬ 
ponents  to  be  electroplated.  This  can  be 
done  from  the  diagrams,  or  the  pans 
measured  by  hand.  Either  way  it  is  the 
same. 

To  calcu  late  the  area  of  the  hub  caps:- 
1 )  For  1 1  dn.  dia  the  area  is  rrr  ~  22  x  92 

7  t5 

=  0,99  sq  in 

2}Taking  circumference  x  height  of 5  iein. 
2jt  x  r  x  height 

2k  x  s/s  x  B/ts  =  0.72  so  in 

Total  area  is  -  (0,99  4-  0,72)  k  2 

Both  inside  and  outside  -  3,42  sq  in. 

For  four  hub  caps  =13.63  spin. 


Fig,  15  Hub  Caps 
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The  hub  caps  being  made  of  mild 
steel,  the  electroplating  will  be  O.OOOTin, 
of  Semi  Bright  Nickel  and  0.0005m.  of 
Semi  Bright  Copper. 

The  currant  density  in  both  electro¬ 
lytes  will  be  tGa.s.f.,  (see  chapter  five). 
Therefore,  for  nickel  and  copper  the 
electroplating  current  will  be:- 
10  x  13.66  =  0.95  amperes. 

144 

Remembering  one  square  foot  =  144 
square  inches. 

The  time  for  the  electroplating  for 
nickel  =  18  minutes. 

The  time  for  the  electroplating  for 
copper  —  60  minutes.  (See  chapter  five), 

That  completes  the  theoretical  part  of 
the  electroplating  process,  and  now 
comes  the  practical  part. 

The  hub  caps  are  buffed  to  the  desired 
lustre  with  a  mop  or  other  polishing 
tool.  After  polishing,  the  components 
are  immersed  in  an  organic  solvent,  e.g 
white  spirit,  for  five  minutes,  then  wiped 
with  a  rag  soaked  rn  the  spirit.  The  con> 
ponents  are  then  air  d  bed.  They  are  then 
hung  via  one  of  the  small  screw  holes 
on  copper  wire  at  the  required  length  to 
fit  the  depth  of  t  he  cleaners  and  the  elec* 
trolyte, 

After  wiring,  immerse  back  in  the 
white  spirit  for  thirty  seconds,  and  Allow 
to  air  dry.  This  is  to  make  sure  there  are 
no  finger  marks. 

Being  mode  of  mild  steel,  the  cleaning 
cycle  is  as  follows,  from  the  tables  In 
chapter  four. 

(1)  Immerse  in  alkaline  soak  cleaner 
at  80QC  ( 1 76SF)  for  three  minutes. 

(2)  Immerse  in  alkaline  electrolytic 
cleaner  at  80  C  (17(TF),  for  one 
minute,  with  the  components  con¬ 
nected  to  the  cathode  0  negative 


part  of  the  rectifier.  This  gives  a 
cathodic  clean.  (Watch  for  gassing 
on  the  components,  this  gives  an 
indication  of  the  cleaning  effect) 
After  one  minute,  reverse  the  po¬ 
larity.  i.e.  connect  the  0  positive 
rectifier  clip  to  the  components 
and  anodic  clean  for  about  ten 
seconds. 

After  the  alkali  cleaning,  rinse  in 
cold  water  for  thirty  seconds  and 
transfer  to  No.  1  or  No,  2  pickle, 
immerse  for  one  minute  at  room 
temperature. 

Rinse  in  cold  water  for  thirty  sec¬ 
onds. 

Connect  the  rectifier  to  the  nickel  tank, 
positive  ©to  the  nickel  anodes,,  cathode 
0  negative,  to  the  cathode  bar.  Check 
the  circuit  by  switching  on  the  rectifier 
on  small  adjustment  of  current,  and  dip 
lha  clip  from  the  cathode  bar  into  the 
electrolyte.  If  current  reading  is  ob¬ 
tained,  the  circuit  is  the  correct  polarity. 

With  the  electrolyte  at  the  required 
temperature  of  50DC  (13CW  and  the  rec¬ 
tifier  sei  to  approximately  one  ampere, 
connect  the  wired  components  lo  the 
cathode  bar,  immersing  in  the  electro¬ 
lyte  at  the  same  time.  After  the  com¬ 
ponents  have  been  wired  onto  the 
cathode  bar  the  current  is  adjusted  to 
0,95  or  1.0  amperes. 

The  compressed  air  agitation  is  adjus¬ 
ted  for  a  steady  bubbling  action,  then 
left  for  eighteen  minutes  to  electroplate. 

When  this  time  has  elapsed,  the  wired 
components  are  removed  and  rinsed  in 
cold  water. 

While  they  are  rinsing  conned  the 
rectifier  to  the  copper  electrolyte  (the 
same  procedure  as  for  the  nickel  elec¬ 
trolyte).  The  circuit  polarity  is  checked 
(see  nickel  electrolyte).  With  the  electro¬ 
lyte  at  the  required  temperature  of  23'  C 
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|74^F),  and  the  rectifier  set  a!  one  amp, 
the  wired  components  are  removed 
from  the  rinse  tank  and  connected  io  the 
cathode  bar,  immersing  in  the  electro¬ 
lyte  at  the  same  time. 

When  all  the  components  have  been 
wired  onto  the  cathode  bar,  adjust  the 
current  to  0.95  or  1.0  amp.  The  com¬ 
pressed  air  is  adjusted  for  a  steady  bub¬ 
bling  action  and  ieft  for  sixty  minutes. 
After  sixty  minutes  the  components 
are  removed  and  rinsed  in  cold  water, 
then  in  hot  water.  They  are  then  dried  off 
in  hotair. 

After  drying,  the  components  are  un- 
wired,  and  lightly  rubbed  with  mutton 
cloth  or  similar  soft  rag.  If  needed,  a 
light  buff  enhances  the  appearance, 

CONSIDERATIONS  IN 
ELECTROPLATING 

This  is  by  way  of  a  final  word  on  some  of 
the  aspects  mentioned,  but  not  elabora¬ 
ted  on  in  various  chapters  of  the  hook. 
Mention  is  made  of  stripping  the  elec¬ 
troplated  deposits  for  fau  lty  appearance 
or  bad  adhesion.  There  follow  some 
metal  stripper  formuiaiions; 

1).  For  stripping  nickel  from  ferrous 
materials,  and  copper  end  its  alloys;- 
Nickel  stripper. 

Make  up:- 

T  hires  parts  concentrated  sulphuric 

acid, 

Two  parts  water,  by  volu  me, 

The  stripper  is  used  at  room  tempera¬ 
ture.  wilh  the  components  anodic,  posi¬ 
tive  and  using  lead  strips  as  cath¬ 
odes,  Q  negative,  Voltage  4^6  voEts.  If 
required,  3oz.  per  gallon  of  glycerine 
may  be  added.  This  prevents  etching, 
especially  on  steel.  The  nickel- plated 
components  are  Eeft  in  the  stripper  until 
the  nickel  is  completely  dissolved  off,, 
showing  (he  substrate.  If  left  loo  long  in 


the  stripper  the  substrate  will  start  to 
dissolve  away. 

2},  For  stripping  copper  deposits  from 
steel  and  copper  and  its  alloys. 

Use  the  recommended  nickel  siripper 
flMolh 

3j.  For  stripping  of  copper  with  nickel 
undercoat. 

Use  the  recommended  nickel  stripper, 
INolJ. 

4) ,  For  stripping  nickef  from  aluminium. 

Immerse  in  50%  aqueous  nitric  acid,  or 
concentrated  nitric  acid  at  room  tem¬ 
perature,  until  the  nickel  deposit  is  dis¬ 
solved  off  the  aluminium, 

5) ,  For  stripping  anodise. 

The  following  solution  can  be  used:- 
Make  up;- 

Concentrated  sulphuric  acid .  16fl,oz. 

lOOmls  per  litre. 
Potassium  Fluoride.  6  oz  40grms  per 

litre. 

Water.  to  make  up  1  gallon  (to  make  1 

litre,! 

The  solution  is  made  up  by  adding 
water  to  a  heat  resistant  glass  or  plastic 
tank  (polythene  type!.  The  sulphuric 
acid  is  added  slowly,  and  stirred  con¬ 
tinuously.  After  the  addition  of  the  acid, 
add  the  potassium  fluoride,  stirring  con¬ 
tinuously  until  dissolved,  AJlow  to  cool 
to  room  temperature,  Adjust  to  final  vol¬ 
ume  with  water.  Use  the  stripper  at 
room  temperature.  Allow  the  com 
ponents  to  stand  in  the  stripper  untit  the 
anodise  is  dissolved  off.  The  infer 
mat  ion  on  stripping  defective  anodise 
in  chapter  nine  is  still  relevant,  but  a 
separate  stripper  may  be  needed,  es¬ 
pecially  with  dyed  parts,  which  would 
colour  the  the  anodise  pre-treatment. 
This  gives  a  choice. 
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6},  For  stripping  tin  from  steel  and 
copper  and  its  alloys. 

The  following  solution  can  be  used;- 
Mafce  up:- 

Copper  sulphate  crystals,  8  oz.  per  gal¬ 
lon  BOgrms  per  litre. 
Concentrated  sulphuric  acid.  I6fl.0z.per 

gallon  lOOmls  per  litre, 
Water  to  make  up  1  gallon  (to  make  1 

litre). 

The  solution  is  used  at  room  tempera¬ 
ture. 

All  the  listed  strippers  can  be  used  in 
plastic  containers,  like  polythene.  CAPE 
with  sulphuric  and  nitric  acids,  both  are 
corrosive.  Use  goggles,  gloves  and 
overalls.  Add  acid  to  water,  not  vice- 
versa.  Watch  for  heal  generated  by  the 
reaction.  After  each  part  of  the  pro¬ 
cessing.  i.e.  between  the  cleaners, 
pickle,  bright  dips  and  the  electrolytes,  a 


cold  water  rinse  must  be  carried  out. 
This  cleans  the  components,  and  stops 
the  reaction,  and  prevents  carry-over  of 
the  solutions,  thus  preventing  contarm 
nation. 

All  of  the  formulations  have  excluded 
all  the  cyanides  and  chromic  acid  They 
have  been  mentioned  in  the  text,  but  the 
reason  for  excluding  these  electrolytes, 
such  as  silver  and  gold,  is  because  they 
contain  cyanide.  You  might  be  able  to 
purchase  them  from  the  various  supply 
houses,  but  scheduled  poisons  are  only 
made  available  lo  genuine  industrial 
electro  platers. 

The  exclusion  of  chromium  electro¬ 
plating  is  because  chromic  acid  is  used 
in  the  process.  In  industrial  eleciroptat 
ing  mandatory  regulations  apply,  and 
the  hazards  with  chromium  electroplat¬ 
ing,  when  carried  out  in  an  unregulated 
area,  can  be  very  considerable. 


USEFUL  INFORMATION 


To  convert  "F  to  *C 

[Temp  *F- 32) 

To  convert  *C  to  GF 

{Temp  °C  x  9/s)  +  32 

To  convert  ounces  per  gallon  to  grammes 

per  litre 

multiply  by  6,25 

To  convert  grammes  per  litre  to  ounces 

per  gallon 

multiply  by  0.16 

To  convert  fluid  ounces  to  millilitres  or  cc 

multiply  by  28. 36 

Nickel  Sulphate  Crystals 

Formula  Ni5046H?Q 

Nickel  Chloride 

NiCt2  6H20 

Sodium  Hydroxide  {Caustic  Soda) 

NaOH 

Potassium  Hydroxide  (Caustic  Potash) 

KOH 

Sodium  Carbonate  (Soda  Ash} 

Na2C03 

Concentrated  Sulphuric  Add  (SG  TS4) 

h2sg4 

Concentrated  Nitric  Acid  S.G  (1,38) 

hno3 

Hydrochloric  Acid 

HO 

Copper  Sulphate  Crystals 

Cu$0<5H30 

Hydrogen  Peroxide 

HiOj 
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CHAPTER  9 


The  Finishing  of  Aluminium 
and  its  Alloys 


The  finishing  of  aluminium  can  be  ac¬ 
complished  by  either  an  anodising  pro¬ 
cess  or  a  conversion  coating. 

The  anodising  process.  This  can  be 
divided  into  sub- processes :- 


SULPHURIC  ANODISE  AND  CHROMIC 
ACID  ANODISE 

Sulphuric  acid  anodise  isthe  more  prac¬ 
tical  process  for  the  amateur  and  model 
engineer.  Most  grades  of  aluminium 
and  aluminium  alloys  can  be  anodised 
by  this  process;  the  purer  the  alu¬ 
minium  the  better  the  anodised  film 
The  various  aluminium  alloy  con¬ 
stituents,  f,6i  silicon  and  manganese* 
tend  to  retard  the  process  of  the  ano¬ 
dised  film,  either  in  the  pre-treatment  or 
the  actual  anodising, 

Most  fabrications  from  sheet  or 
extrusions  and  some  castings  can  be 
successfully  anodised.  However,  some 
alloys  and  some  castings  are  not  con¬ 
ducive  to  the  anodising  process.  Cas¬ 
tings  are  usually  anodised  by  the 
chromic  acid  process. 

The  process  of  anodising  is  the  laying 
down  or  the  growing  of  a  film  of  alu¬ 
minium  oxide  over  the  surface  of  the 
aluminium.  Aluminium  forms  a  layer  of 
the  oxide  very  quickly,  even  after  a 
chemical  dean,  but  the  thickness  of  the 


layer  is  dependent  on  time.  The  anodis¬ 
ing  process  accelerates  the  time,  and 
atso  gives  a  denser  unbroken  layer  of 
oxide,  which  enhances  the  properties  of 
aluminium  against  corrosion.  In  the  sul¬ 
phuric  acid  process  it  adds  a  mordant 
layer  which  can  be  used  for  the  dyeing 
or  colouring  of  aluminium.  However, 
for  colouring  the  main  essential  is  to 
have  a  good  layer  of  aluminium  oxide. 
Magnified  1000  x  the  layer  would  look 
Hke  Rg.  16. 

The  important  characteristics  are  the 
barrier  layer  and  the  pore  size.  The 
thickness  of  the  barrier  layer  is  pro¬ 
portional  to  the  voltage.  The  pore  size  is 
dependent  on  the  concentration  of  the 
electrolyte  (sulphuric  acid),  the  electro¬ 
lyte  temperature  and  the  applied  cur¬ 
rent. 

Two  factors  emerge  which  make  for  a 
particular  anodising  film. 

Lower  concentration,  i,e.  10%  sul¬ 
phuric  acid,  and  low  temperature  gtve  a 
small  pore  size  but  produce  a  hard 
anodised  film. 

Higher  concentration,  i.e.  15%  sul¬ 
phuric  acid,  and  higher  temperature 
give  a  larger  pore  size  which  produces  a 
film  suitable  for  dyeing. 

A  good  compromise  is  12%  v/v  sul¬ 
phuric  acid  which  makes  a  good  general 
anodising  bath. 
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Fig  16 

Solution  Preparation 

To  make  up  an  anodising  bath  a  glass  or 
a  polythene  type  plastic  tank  is  recom¬ 
mended.  A  good  tank  for  doing  small 
components  is  a  large  ice  cream  con¬ 
tainer.  These  have  a  capacity  of  about  1 
gallon  <4.5  litres).  Half  fill  the  tank  with 
distilled  or  deionised  water,  and  then 
slowly  add  the  necessary  volume  of  sul¬ 
phuric  acid,  constantly  stirring.  CARE! 
The  add  must  be  added  to  Lhe  water  and 
not  vice  versa.  It  is  advisable  to  wear 
protective  gloves  and  safety  glasses. 
After  allowing  the  solution  to  cool  the 
volume  is  corrected  by  the  addition  of 
more  distilled  water.  An  example  of  the 
dilution  is  as  follcws:- 
10%  volume  solution  for  hard  anodis¬ 
ing. 

450  mis  per  4,5  litres, 

16  fluid  oz.  per  gallon. 

OR 

12%  volume  solution  for  general 
anodising. 

540  mis  per  4.5  litres. 

15.2  fluid  oz,  per  gallon. 

For  ease  and  convenience  battery 
acid  sold  at  garages  can  be  used.  This  is 
of  a  dilution  of  33%  of  sulphuric  acid  In 
distilled  water,  approximate  specific 
gravity  of  1 ,275/1 .280. 

If  the  battery  acid  is  diluted  1  volume 
to  2.0  volumes  of  distilled  water*  this 


would  give  a  10%  sulphuric  acid  con 
centration. 

If  the  battery  acid  is  diluted  1  volume 
to  1.5  volumes  of  distilled  water,  this 
would  give  a  12%  sulphuric  acid  con¬ 
centration. 

For  a  gallon  solution  the  dilution  is  3 
pints  of  battery  acid  to  4  V?  pints  of  dis¬ 
tilled  water,  giving  a  total  of  7 Vi  pints 
total  volume.  Just  under  the  gallon.  If 
measuring  in  litres  or  mis.  the  dilution  is 
2  litres  or  2000  mis.  to  3  litres  or  3000 
mis.,  giving  a  total  volume  of  5  litres  or 
5000  mis,,  which  is  just  over  the  4.5 
litres;  the  equivalent  to  a  gallon. 

Setting  up  of  the  anodising  tank 

After  the  required  volume  of  solution  of 
sulphuric  acid  is  made  up  {either  10%  or 
12%)  two  pieces  of  clean  sheet  lead  are 
placed  down  two  opposite  sides  of  the 
tank,  These  ere  bent  over  the  top  of  the 
tank  to  poisition  them  and  to  make  them 
convenient  to  connect  to  the  electrical 
supply.  These  are  the  cathodes.  The 
anode  bar  is  placed  down  the  middle, 
and  the  components  to  be  anodised  are 
connected  to  this.  The  usual  way  to  con¬ 
nect  the  aluminium  components  for 
anodising  is  to  jig  them  in  □  titanium 
made  sprung  jig.  These  come  in  differ 
ent  shapes  for  various  components,  but 
are  expensive  to  buy.  Titanium  rod  and 
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Fig.  17 

small  sized  bar  can  be  purchased  for 
making  these  jigs.  These  can  be  used  for 
anodising  a  large  quantity  of  similar 
components,  which  would  prove  the 
most  economical  way  of  processing 
them. 

Generally  the  use  of  aluminum  wire  is 
the  most  economical  for  small  quan¬ 
tities,  and  it  can  be  bought  in  various  di¬ 
ameter  sized  reels  of  varying  stiffness. 
Lengths  are  cul  slightly  longer  than  re¬ 
quired  and  coiled  over  a  bar  of  metal  or 
wood  so  that  some  tension  is  obtained. 
The  component  is  wired  up  using  a  con¬ 
venient  hole,  or  a  part  of  the  surface  lhat 
will  secure  a  good  electrical  contact. 
The  wire  is  then  twisted  to  ensure  a  rigid 
contact.  The  rest  of  the  components  are 
wired  Ihe  same,  if  you  are  anodising  a 
batch  or  a  set  of  components,  The  wired 
components  should  hang  approxi¬ 
mately  midway  in  the  electrolyte,  with 
an  allowance  on  the  wire  for  attaching  it 
on  the  anode  bar.  The  wires  are  then 
snipped  off  to  that  size.  This  will  reduce 
the  surplus  wire  and  avoid1  the  possi- 
bility  of  shorting  on  the  cathode  bar  as 


well  as  making  U  easier  and  neater  to 
wire  onto  the  anode  bar. 

With  the  components  wired  up,  the 
power  is  switched  on  and  adjusted  to 
the  required  current  density  for  anodis- 
ing.  It  is  then  left  for  the  required  time  to 
obtain  the  required  thickness  of 
anodise. 

To  enhance  and  improve  the  quality 
of  anodised  finish,  agitation  is  recom¬ 
mended,  but  good  quality  anodise  can 
be  obtained  in  still  baths.  To  agitate  the 
electrolyte  a  plastic  pipe  with  holes 
drilled  in  is  connected  to  a  flexible  pipe 
(Fig, 17),  and  in  turn  connected  to  a  regu¬ 
lated  compressor.  This  will  blow  air  into 
the  electrolyte  causing  movement  by 
bubbling.  Care  must  be  exercised  in 
regulating  the  air  flow,  or  the  electrolyte 
will  bubble  over,  and  could  prove 
dangerous  and  cause  accidents. 

Operating  Conditions 

The  plating  current  for  anodising 
should  be  between  ID  -  15  amps  per 
square  foot,  Or  0.069am  ps  per  square 
inch  to  0.104amps  per  square  inch  of  the 
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surface  area  to  be  anodised.  The  voltage 
is  to  be  between  12  and  20  volts.  A|  15 
amps  per  square  foot  the  deposit  of  ano¬ 
dise  will  be  0,0001  m.  In  6,5  minutes. 
However,  this  will  take  longer  depend¬ 
ing  on  the  amount  of  agitation.  With  no 
agitation  it  will  take  10  minutes  to  de¬ 
posit  0,0001  in  of  anodise.  The  tempera¬ 
ture  of  the  process  is  between  20  -  25 
degrees  C,  70  -  75  degrees  F.  If  the  elec¬ 
trolyte  exceeds  the  top  limit  allow  to 
cool, 

Seating  of  the  Anodised  Film 

If  desired  the  anodised  film  can  be 
sealed.  This  process  in  effect  seals  over 
the  pore  sites  of  the  grown  aluminium 
oxide. 

This  is  brought  about  by  an  increase  in 
temperature  in  a  sealant,  which  in¬ 
creases  the  volume  and  swells  the  cell 
walls  and  closes  the  pores. 

The  sealant  is  usually  boiling  de¬ 
ionised  weter  a  a  temperature  of  100  de¬ 
grees  C  for  a  period  of  20  minutes.  It  is 
best  done  in  a  stainless  steel  container. 
An  alternative  is  to  boil  pure  deionised 
water  in  a  stainless  steel  container  with 
a  lid,  end  suspend  the  anodised  article 
in  the  steam  given  off  for  30  minutes. 
The  sealed  articles  are  taken  out  and  al¬ 
lowed  to  dry  in  theair,  or  In  a  convenient 
oven, 

THE  DYEING  OF  ANODISED 
ALUMINIUM 

The  majority  of  aluminium  alloys  when 
anodised  have  an  appearance  of  natural 
aluminium  or  'silver'  colour.  Some 
alloys  contain  alloy  constituents  such  as 
manganese,  silicon,  magnesium  and 
copper  If  these  materials  are  present 
between  5%-8%,  they  produce  a  colora¬ 
tion  of  the  anodised  film.  The  coloration 
varies  from  a  brown  for  manganese,  for 
silicon  and  magnesium  a  bluish  grey. 


Fig.  1®  Se^ed  pore  silos. 


and  for  copper  an  orange  yellow, 

To  obtain  a  consistent  reproducible 
uniform  colour,  the  easiest  and  most 
economical  way  is  to  use  an  organic  dye 
that  is  soluble  in  water.  To  obtain  the  re¬ 
quired  shade  of  colour  various  con¬ 
centrations  of  the  dyes  have  to  be  used. 
A  guide  is  between  1  grm.per  litre  to 
IQgrms  per  litre,  0.16ozs,per  gallon  to 
1.6ozs.per  gallon.  This  concentration 
will  also  vary  with  colour. 

Operating  Conditions  for  Dye  Tanks 

The  ideal  tank  for  dyeing  should  be 
made  of  good  quality  stainless  steel. 
Austenitic  grade  32QS17.  However, 
most  plastic  or  glass  tanks  can  also  be 
used,  but  they  will  all  require  heating  to 
approximately  40  -  50  degrees  C,  104  - 
122  degrees  F. 

The  dye  is  weighed  out  according  to 
the  concentration,  and  added  to  half  the 
volume  of  hot  water  contained  in  the 
dye  tank.  The  solution  is  agitated  by  stir¬ 
ring  or  by  air  agitation  from  a  regulated 
compressor,  This  is  continued  until  all 
the  dye  has  dissolved  and  no  particles 
remain  in  suspension.  Suspended  par¬ 
ticles  of  dye  are  the  main  cause  of 
st  rea  k  s  on  the  dye  d  su  rf aces  of  th  e  co  m- 
ponems  After  dissolution  of  the  dye, 
the  solution  is  made  up  to  working  vol 
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ume,  and  the  desired  temperature 
maintained  by  the  heater 
After  thoroughly  rinsing  the  com’ 
portents  in  cold  water  they  are  hung 
across  a  bar  of  metal  or  plastic  and 
totally  immersed  in  the  dye,  preferably 
with  agitation  for  the  required  time,  The 
time,  being  dependent  on  the  intensity 
of  the  colour,  is  usually  between  5  and 
15  mrnutes.To  maintain  the  consistency 
of  colour  for  subsequent  batches  of 
components,  the  conditions  of  tempera¬ 
ture  and  time  must  be  closely  adhered 
to. 

A  flow  process  chart  for  the  various 
processes  in  anodising  is  shown  in  Fig. 
19. 

Points  to  rememberfor  good  practice  in 
the  anodising  process  are:- 

(a)  Thorough  cleaning  in  the  pre- 
treatment  cycle,  and  the  complete 
removal  of  grease  and  smut  from 
the  components, 

(bj  Obtain,  end  maintain,  a  good  elec¬ 
trical  contact  between  the  wire  on 
the  component  and  the  anode  bar. 


A  point  to  remember  is  that  the 
anodised  film  acts  as  an  electri¬ 
cally  insulating  surface,  so  if  the 
contact  moves,  the  conducting 
surface  under  the  wire  in  the  elec¬ 
trolyte  is  lost.  The  consequence  of 
this  is  that  the  growth  of  anodised 
film  stops,  but  the  worst  part  of 
this  action  is  that  the  resistance  at 
that  point  increases  the  heating  eh 
feet,  causing  erosion  on  the  sur¬ 
face. 

(cl  After  the  anodise  part  of  the  pro¬ 
cess,  the  components  are  re¬ 
moved  after  switching  off  at  the 
rectifier,  and  quickly  rinsed  in  cold 
water,  then  quickly  immersed 
either  in  the  dye  bath  or  the  seal¬ 
ing  tank  (for  natural  anodise).  At 
no  time  should  the  anodised  film 
be  allowed  to  dry.  To  do  so  would 
give  a  partial  closure  of  the  pore 
area,  and  hence  restrict  the  in¬ 
gress  of  the  dye. 

<d)  A  good  method  of  checking  ano¬ 
dise  is  to  use  a  test  meter  (Avo 
type}  set  on  D.C.  low  voltage,  and 


DYEING 

ANQD156  COVE  WATER  ORGANIC  DVE 

SULPHURIC  ACID  fl'iMSE  DISSOLVED  WATER 


SEALING  HOT  DRYING 
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An  stutpiftium  component  anodised  end  dyed  black  following  the  procedures  described 


set  to  resistance.  Lightly  pass  the 
meter  probes  across  the  surface. 

Any  areas  with  no  anodise  will  (e) 
conduct,  which  will  cause  a  deflec¬ 
tion  on  the  meter,  A  simple  check 
for  a  sealed  surface  on  natural 
anodise  is  to  moisten  a  tiny  area  of 
the  surface,  and  touch  the  surface 
with  an  indelible  pencil.  If  the  sur¬ 
face  is  then  wiped  clean,  leaving 
no  trace  of  the  colour  of  the  pencil. 


the  surface  has  been  satisfactorily 
sealed. 

To  strip  defective  anodise  from 
components,  the  wired  com¬ 
ponents  ere  immersed  in  the  alkali 
cleaner  for  a  few  minutes,  rinsed 
in  cold  water,  immersed  in  the  ni¬ 
tric  add  solution  for  a  few  min¬ 
utes,  rinsed  end  re-anodised,  In 
other  words,  back  through  the 
pretreatments. 
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